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SIGHT-TESTING  MADE  EASY 

Opinions  of  the  Press 

“  The  intention  of  this  unpretentious  little  manual  is  to  enable 
the  busy  practitioner  to  test  the  sight  of  a  patient  and  to  prescribe 
correcting  glasses  for  him.  The  fact  that  it  has  reached  its  third 
edition  is  evidence  that  it  has  supplied  a  reed  need.'’ — The 
Lancet.  ■ 

“  The  little  worh  is  in  every  way  reliable,  straightforward , 
and  clear,  and  we  heartily  recommend  it  as  a  preliminary  to  a 
perused  of  more  advanced  worhs  on  refraction.” — The  Hospital. 

‘‘  We  can  recommend  the  booh  as  an  introduction  to  the  subject 
of  refraction,  which,  eis  the  emthor  tells  us  in,  his  p ref eice.  is  the 
object  of  his  worh.” — Dublin  Medical  Journal. 
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rpHIS  little  manual  was  originally , compiled 
in  the  form  of  notes  as  aids  to  memory? 
and  only  dealt  Avitli  Refraction  in  its  siihjectioe 
form.  It  was  thought,  however,  to  be  incom¬ 
plete  without  a  few  notes  on  the  objective  form, 
generally  known  as  Retinoscopy,  and  these 
were  added  in  a  second  edition.  In  the  present 
edition  the  little  book  has  been  thoroughly 
revised,  and  in  some  parts  re-written.  It  was 
not  in  its  original,  nor  is  it  now,  in  its  revised 
and  slightly  enlarged  form,  intended  to  super¬ 
sede  larger  and  more  comprehensive  works  on 
Refraction,  but  merely  to  act  as  companion  to 
them,  and  enable  the  busy  practitioner  to  test 
the  sight  of  a  patient,  and  prescribe  the  neces¬ 
sary  correcting  glasses,  in  the  shortest  possible 
space  of  time.  To  the  student  it  is  hoped  it 
may  be  found  helpful  as  an  introduction  to  the 
study  of  Refraction. 
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ABBEEVIATIONS  ANB  SIGNS 


Ax.  Axis. 

B.  Base. 

B.E.  Both  eyes. 

Oyl.  Cylinder, 

I).  Dioptre. 

G-.D.  Greatest  defect. 
L.D.  Least  defect. 

L.Y.(E.)Left  vision  (eye). 
Mil.  Meridian. 


p.p.  inmctum  jjroxmmm 

p.r.  i)undum.  remotmn. 

E;.V.(E.)Big]it  vision  (eye) 
Spli.  Splieric  or  sphere. 

+  Convex  (plus). 

—  Concave  (minus) . 

O  Together  with. 

->  Axis  horizontal. 

i  Axis  vertical. 


APPEOXD[ATE  MENSUPAL 
EQUIVALENTS 

Centi¬ 
metres. 

56 
58 

61 
65 
70 
7.4 
79 


Centi¬ 

metres. 

Inches. 

Centi-  -r  . 

metres. 

Centi¬ 

metres. 

Inches. 

2*0 

=  1 

20  = 

8 

38 

=  15 

0 

=  2 

23  = 
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40-5 

=  16 

7' 5 
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=  O 

25-5  = 

10 

43 

=  17 

10 

=  4 

28  = 

11 

46 

=  18 

12-5 

=  0 

30-5  = 

12 

48 

=  19 

15 

=  6 

o  o 

OO  = 

13 

51 

=  20 

17-5 

=  7 

35-5  = 

14 

53 

=  21 

]  00  cm.  (1000  mm.) 

=  1  metre 

=  39-3 

Metr! 

c  to 

Impel 

'ial. 

Inches. 

—  09 

-  iU 

=  23 
=  24 
=  251 
=  27V 
=  29 
=  31 

in. 


1  grm.  =  15V  (Ur 43)  gr. 

1  ml.  (c.  eg.)  =  17  (16'9)  min. 

Imperial  to  Metric. 

1  gr.  =  6V  (6'5)  eg. 

I  fl.  oz.  =  28  (28'41)  ml. 


PAKT  I 


REFRACTION  AND  OPHTHALMOLOGY 


I.  Lenses  and  Refraction. 


1.  Lenses  may  be  spherical,  cylindrical,  or 
prismatic,  and  may  be  nsed  either  alone  or  in 

*  Note. — The  lenses  numbered  7,  8,  and  9  are  shoAvn  square  for 
convenience  of  illustration. 
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coinbiDiition.  Tlie  former  two  may  be  either 
concave  ( — )  or  convex  (  +  ). 

2.  Spherical  lenses  consist  of  a  refracting 

inedinm  with  two  opposite  surfaces,  one  or 
both  of  which  may  be  segments  of  a  sphere, 
all  the  radii  being  alike.  They  may  be  flano, 
double,  or  '[}erisco])ic  {nioi  around,  (jkottIm  I 
see,  i.  e.  increase  the  distinctness  of  objects 
when  viewed  obliquely).  In  Fig.  1,  1  plano- 
coiioex;.  2  is  hi-convex ;  3  is  plano-concave; 
4  is  hi-concave ;  5  is  converging  concavo- 

convex,  or  ‘moiiscm  (neviaKot;  a  little  moon)  ;  6 
is  diverging  concavo-convex.  The  last  trvo  are 
periscopic. 

3.  A  cylindrical  lens  is  a  lens  having  one 
surface  (iisually)  piano,  while  the  other  is  the 
segment  of  a  cylinder,  all  the  radii  being  different 
(Fig.  1,  7,  8).  The  two  principal  Mns.  are 
those  of  the  greatest  and  least  refraction,  and 
are  at  light  angles  to  each  other,  the  inter¬ 
mediate  Mns.  increasing  or  decreasing  in  a 
regular  ratio.  The  refracting  poAver  is  at  its 
maximum  in  the  Mn.  {a,  b)  at  right  angles 
to  its  axis,  there  being  no  refractive  ]DOwer 
whatever  in  tlie  opposite  Mn.  (c,  d),  i.  e.  the 
meridian  of  the  axis. 

4.  A  prismatic  lens  (Fig.  1,  P)  is  one  in 
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o 

o 


wliicli  the  refracting  surfaces  form  an  angle 
Avitli  each  other.  The  deviation  of  a  ray 
passing  through  a  prism  is  always  towards  the 
base. 

5.  Light  passes  from  a  Inminons  body  in 
straight  lines,  called  rays.”  These  rays 
diverge,  the  divergence  being  proportionette  to 
the  distance  from  the  Inminons  point ;  the 
shorter  the  distance  the  greater  the  divergence. 
If  the  distance  is  greater  than  6  metres  rays 
are  assumed  to  be  parallel. 

6.  A  ray  of  light  meeting  a  body  may  be 
absorbed^  reflected^  or — if  able  to  pass  through — 
refracted^  and  the  denser  the  medium,  the  sloAver 
is  the  ray  in  passing  through.  When  passing 
from  a  rarer  to  a  denser  medium  (unless  exactly 
perpendicular)  a  ray  is  refracted  toivards  the 
perpendicular  (of  the  surface  of  the  latter)  ; 
passing  from  a  denser  to  a  rarer  medium  is 
refracted  from  the  perpendicular.  When  the 
sides  of  the  media  are  parallel,  the  angle  of 
deviation  of  the  “  emergent  ”  ray  is  the  same  as 
the  angle  of  the  “  incident  ”  (or  entering)  ray  ; 
when  not  parallel,  as  in  prisms,  the  ray  is 
refracted  towards  the  base,  and  the  deviation  is  ^ 
equal  to  half  its  angle;  thus  a  Ao.  8  prism 
produces  a  deviation  of  the  eye  of  4°. 
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7.  Parallel  rays  passing  tlirongli  a  spherical 
lens  do  not  continue  parallel,  but  are  refracted, 
converging  towards  a  point  (the  prmcipal  focus) 
in  the  case  of  convex  {'positive)  lenses,  and 
diverging,  and  consequently  never  focussing  at 
all,  in  the  case  of  concave  {'negative)  lenses. 

8.  The  distance  the  principal  focus  is  from  the 
lens  is  termed  the  focal  length  or  'measurement. 

9.  Tbe  frincipal  axis  of  a  lens  is  represented 
by  a  line  passing  through  the  centre  (the  optical 
centre)  at  right  angles  to  the  surface,  through 
Avhich  any  ray  passing  is  not  refracted.  But 
there  are  secondarg  axes,  by  which  rays  may 
pass  through  the  optical  centre,  though  not 
through  the  principal  axis,  suffering  slight 
deviation  and  emerging  in  the  same  direction 
as  they  entered,  but  the  deviation  in  thin 
lenses  is  so  slight  that-  they  are  usually  assumed 
to  pass  through  in  a  straight  line. 

10.  Lenses  are  mmhered,  according  to  their 
refractive  powei',  and  not,  as  in  the  old  system, 
according  to  their  focal  length.  A  lens  of  1 
metre  focus  is  taken  as  the  unit  or  standard, 
and  is  called  a  diojdre,  all  other  lenses  being 
either  nudtiples  or  fractions  of  1  D. 

1 1 .  The  focal  length  of  a  lens,  and  the 
power  re(piired  in  a  lens  to  produce  a  certain 
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focal  length,  may  be  estimated  by  dividing  100 
bv  either.  Thus  a  lens  of  4  D.  has  its  focus  at 

ft/ 

25  cm.,  and  ifc  therefore  follows  that  a  25  cm. 
focus  requires  a  lens  of  4  D. 
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II.  Analysts  and  Nrutraltsation  of  Lenses. 

12.  Objects  viewed  throug’h  a  moving  convex 
lens  appear  to  move  in  the  opposite  direction 
to  the  lens ;  viewed  through  a  moving  concave 
lens,  appear  to  move  in  the  same  direction  ; 
and  viewed  through  a  moving  prism  show  no 
movement  unless  the  prism  be  rotated,  but 
straight  lines  will  be  seen  to  be  broken,  and  the 
break  will  be  in  the  opposite  direction  to  the 
base  of  the  prism. 
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13.  A  spherical  lens  of  either  power  will  be 
recognised  by  the  apparent  movement  of  the 
object  being  the  same  in  every  Mn. ;  a  sphero- 
cylinder,  by  the  movement  in  one  Mm,  being 
more  pronounced  than  in  another  ;  and  a  simple 
cylinder,  by  the  movement  being  in  only  one 
Mn. — the  axis  Mn.  having  no  focus. 

14.  Lenses  are  neutralised  by  opposite  powers 
of  the  same  degree,  and  this  is  best  effected  by 
sphericals.  To  neutralise  a  simple  cylinder, 
find  the  spherical  lens  which  neutralises  in  the 
opposite  Mn.  to  the  axis.  Then  prove  with 
the  cylinder.  To  neutralise  a  sphero-ciiJinder^ 
find  the  spherical  lens  which  neutralises  in  one 
Mn.,  then  do  the  same  for  the  other.  The 
cylindrical  part  of  the  combination  is  denoted 
l)y  the  difference  in  strength  of  the  two 
sphericals,  the  spherical  part  being  the  weaker 
of  the  tv  ^  sphericals  ;  thus,  if  in  the  horizontal 
Mn.  we  h-  d  sph.  +  0  5,  and  in  the  vertical 
Mn.  sph.  +  1*0,  the  prescription  wmuld  be, 
S])h.  +  0*5  3  cyl.  +  0*5,  ax.  li.  Then  prove 
with  tlie  spheric  and  the  cylinder. 

15.  In  prism  combinations  the  spherical  and 
cylindrical  lenses  must  be  first  discovered, 
when  tlie  degree  of  the  prism  can  be  found  by 
placing  the  lens  and  its  neutralising  refractive 
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element  together,  and  looking  through  them  at 
the  prism  scale  (Fig.  12). 

III.  The  RmnuoTivE  or  Dioptric  System. 

16.  This  system  is  a  compound  one,  made  up 
of  a  spherical  surface  and  a  bi-couvex  lens, 
together  being  equal  to  aliout  23  mm.  focus. 


Eio*  2 


It  consists  of  three  refracting  surfaces — the 
anterior  surfaces  of  the  cornea,  tlie  lens,  and 
the  vitreous  respectively ;  and  three  I’efracting 
media — the  aqueous,  the  lens,  and  tlie  vitreous^ 
17.  There  are  six  cardinal  'points  of  the  eye  : 
two  pjrincipal  points,  two  nodal  points,  and  two 
principal  foci,  all  situated  at  the  optic  axis  (21). 
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18.  The  two  principal  points  (Fig.  2,  B)  are 
situated  close  toofether  in  the  middle  of  the 
corneal  chamber,  about  2  mm.  behind  the 
cornea.  For  all  practical  purposes  they  may  be 
considered  as  one. 

19.  The  two  nodal  points  are  situated  close 
together,  witliin  the  lens  and  close  to  its  posterior 
surface  (Fig.  2,  N)^  about  7  mm.  behind  the 
cornea,  and  15  mm.  in  front  of  tlie  macula,  or 
yellow  spot — the  most  sensitiYe  part  of  the 
retina.  They  also  may  be  considered  as  one. 

20.  The  jirincipal  foci. — The  first  p)rincipal 
focus  (F)  is  situated  about  13* 7  mm.  in  front  of 
the  cornea,  and  is  that  point  on  tlie  axis  where 
rays,  parallel  in  the  vitreous,  meet.  The  second, 
principal  focus  [A)  is  22*8  mm.  behind  the 
cornea,  and  is  the  point  on  the  axis  where 
parallel  rays  meet  after  passing  through  the 
eye. 

21.  The  optic  axis  (Fig.  2,  FA)  is  the  line 
passing  througli  the  centre  of  the  cornea,  the 
nodal  point,  and  the  centre  of  rotation  (77) 
9’8  mm.  in  front  of  the  retina,  to  the  inner 
side  of  the  macula  (M). 

22.  The  visual  axis  is  a  line  passing  from 
the  macula  through  the  nodal  point  to  the 
object  looked  at. 
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23.  The  visual  angle  (Fig.  3,  G  N  D)  is  the 
angle  formed  at  the  nodal  point  {N),  being' part 
of  a  triangle  having  its  base  at  the  object  looked 
at  (G  D).  The  size  of  the  angle  depends  npon 
the  size  and  the  distance  of  the  object;  thus  an 
object  at  J  B,  which  is  as  large  as  one  at  G  D, 
but  nearer  to  the  eje,  will  be  seen  under  a 

Fig'.  3. 


(From  Hartridge.) 

larger  angle,  tlae  angle  A  N  B  beinsr  a-reater 
than  the  angle  G  jY  77.  Tlie  size  of  tlie  iniao-e 
also,  formed  on  the  retina,  will  depend  upon 
the  antero-posterior  diameter  of  the  eyeball,  it 
being  smaller  at  1,  when  this  diameter  is  less, 
as  in  hypermetropia,  than  it  is  at  2,  as  in  emnie- 
tropia,  and  larger  than  either  at  3,  as  in  myopia, 
when  the  eyeliall  is  elongated.  A  patient  may, 
therefore,  be  pkfable  to  read  the  smallest  type 
and  still  have  some  defect  of  refraction,  unless 
the  type  be  read  at  its  proper  distance. 
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24.  The  angle  a,  of  interest  in  strabismus,  is 
the  angle  formed  also  at  the  nodal  point,  but  by 
the  crossing  of  the  two  axes,  viz.  the  optic  and 
the  visual.  In  emmetropia  (26)  this  angle  is 
usually  about  5^.  In  hypermetropia  (Fig.  4,  H), 

Fi^.  4. 


(From  Hartridge.) 


owing  to  the  shortening  of  the  antero-posterior 
diameter  of  the  eyeball,  and  the  divergence  of 
the  visual  axes,  it  is  greater.  In  myopia  (Fig. 
4,  A/)  the  angle  is  less,  owing  to  the  lengthen¬ 
ing  of  the  antero-posterior  diameter  and  tlie 
convej’gence  of  the  visual  axes.. 
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IV.  NoRMArj  Vision  and  Accommodation. 

25.  For  normal  V.  to  exist  it  is  necessary 
that  the  axial  length  of  the  eyeball  and  the  focal 
length  (8)  should  be  the  same.  When  there  is 
the  slightest  want  of  harmony  between  these — 
either  owing  to  the  shape  of  the  eyeball  or  the 
cornea,  or  to  any  defect  in  the  accommodative 
apparatus,  it  is  necessary  for  optical  aid  to 
step  in. 

26.  By  accoinmodaiioa  is  meant  the  exercise 
of  that  involuntary  power  possessed  by  every¬ 
one  whose  refraction  is  normal,  i.  e.  the  emme- 
trope  (£M  within,  lAtTpov  measure,  (L'4'  the  eye), 
and  which  enables  the  subject  to  see  objects 
between  the  p.p.  or  “  near  point  ”  and  the  p.r. 
or  “  distant  point  ”  at  infinity.  It  is  the  power 
of  altering  the  focus,  i.  e.  of  unconsciously 
adapting  the  shape  of  the  crystalline  lens  (intra¬ 
ocular),  and  the  position  of  the  axis  of  the  eye¬ 
ball  (extra-ocular)  to  the  varying  conditions  to 
which  the  eyeball  is  subject.  When  accommo¬ 
dation  is  defective  and  parallel  rays  are  focussed 
behind  or  in  front  of  the  retina,  the  condition 
is  termed  cwietvojjioj  («  priv.,  /ufroov  measure). 

27.  For  refraction  to  be  normal,  the  parallel 
rays  entering  the  eye  through  the  pupil  and 
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passing  through  the  refractive  media  unite 
exactly  on  the  retina  at  the  second  principal 
focus. 

28.  During  accommodation,  the  convexity  of 
the  lens  is  altered  by  the  action  of  the  ciliaiy 
muscle,  which,  contracting,  draws  forward  the 
choroid,  thereby  relaxing  the  suspensory  liga¬ 
ment  and  allowing  the  elasticity  of  the  lens 
when  looking  at  near  objects  to  come  into 
play. 

20.  During  distant  V.  the  accommodative 
power  is  at  repose,  the  optic  axes  being  parallel 
or,  more  usually,  slightly  divergent,  but  imme¬ 
diately  the  visual  axes  are  directed  to  a  point 
nearer  than  infinity,  extra-ocnlar  accommodation 
(the  internal  recti  muscles)  acts  in  unison  with 
intra-ocular  accommodation  (the  ciliary  muscle), 
and  convergence  is  brought  into  use,  by  which 
the  macula3  of  both  eyes  are  directed  towards 
the  same  point,  so  that  images  received  upon 
the  retina  of  each  eye  are  blended  into  one, 
and  singleness  of  V.  is  produced.  If  any  defect, 
or  want  of  harmony  in  the  association  of  the 
different  parts  of  the  accommodative  apparatus 
— as,  for  instance,  when  the  image  is  formed 
on  parts  of  the  retina  which  do  not  exactly 
correspond  in  the  two  eyes — exists,  dijdopia 
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(StTrXdoc  double,  wi//  the 
adlhenopia,  results. 

30.  The  p.p.  is  the  nearest  point  of  the 
range  of  accommodation  at  which  objects  can 
be  seen  distinctly.  It  recedes  gradually  as  age 
advances.  When  it  has  receded  beyond  22  cm., 
which  it  does  about  the  age  of  forty-five,  pres¬ 
byopia  occurs.  The  p.r.  is  at  infinity.  The 
space  between  the  p.p.  and  the  p.r.  is  termed 
the  “  range  of  accommodation  ”  ;  and  the  force 
necessary  to  change  the  eye  from  its  p.r.  to  its 
p.p.  (irrespective  of  the  refractive  condition  of 
the  eye)  is  a  fixed  quantity,  the  same  in  emme- 
tropes,  hypermetropes,  and  myopes,  and  is 
termed  the  “  amplitude  of  accommodation.” 


eye),  and  eventually 

(P,  r  ■ 


31.  Amplitude  of  Accommodation. 

(Taken  from  Diiane.) 


At  age. 

D. 

P.p.  (cm.). 

!  At  age. 

D. 

P.p.  (cm.). 

10  . 

14 

.  7 

40  . 

0 

.  17 

15  . 

13 

7-5 

45  . 

4 

25 

20  . 

11-5 

8-5 

50  . 

2-5 

40 

25  . 

10 

10 

55 

1-5 

75 

30  . 
35  . 

8-5 

7-5 

.  11-5 

13 

tiOl 

70  j 

1-3 

80 

32.  To  measui’e  the  amplitude  of  accommo¬ 
dation  in  the  Emmetrope,  we  find  the  nearest 
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point  at  which  the  patient  can  read  small  type. 
A  lens,  the  focal  distance  of  which  corresponds 
Avith  this,  is  the  measure.  For  instance,  if  the 
nearest  distance  at  Ayhicli  a  patient  can  read  small 
typeis20cm.,Ave  divide  this  distance  intolOOcm. 
and  divide  by  20,  by  Avhich  Ave  get  5  D.,  AAdiich 
is  the  measure  of  the  amplitude  of  accommoda¬ 
tion.  In  Hyj^jermetropes  we  add  on  the  number 
of  the  convex  lens  Avhich  enables  him  to  see 
distant  objects  Avithout  his  accommodation. 
For  instance,  if  his  p.p.  is  25  cm.,  100  divided 
by  25  gives  4  D. ;  and  assuming  that  he  has 
to  use  a  4  D.  of  accommodation,  then  the 
amplitude  of  accommodation  would  be  dD.-f- 
4  D.  =:  8  D.  In  Myopes  Ave  subtract  his  lens 
power  for  distant  objects  ;  for  instance,  in  a 
Myope  of  2  D.,  the  p.p.  being  at  10  cm.,  if  Ave 
divide  100  by  10  c.m.,  the  residt  is  10  D.,  from 
Avhich  we  subtract  2  D.,  Avhich  leaves  8  D.  as 
the  amplitude  of  accommodation.  At  age  75 
all  poAver  of  accommodation  has  practically 
ceased. 


‘  V.  Asthenopia. 

oo.  Astlienopta  [aaOevik  Aveak,  eye),  or  eye 
strain,  may  be  accommodative  or  muscular. 
Accommodative  astkenopia,  or  fatigue  of  the 
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ciliary  muscle,  is  generally  associated  with 
liypermetropia  or  hypermetropic  astigmatism, 
less  frequently  with  myopia.  In  the  former 
cases  it  is  due  to  the  excessive  use  of  that 
muscle  where  errors  of  refraction  exist  uncor¬ 
rected,  and  hypertrophy  of  the  ciliary  occurs. 
The  overstrain  may  produce  tonic  spasm,  when 
myopia  is  simulated. 

o4.  Mmcidar  asthenopia,  dr  fatigue  of  the 
extra  -  ocular  muscles  producing  latent  im¬ 
balance  or  disturbance  of  equilibrium  {hetero- 
plm'ia)  is  most  common  in  adults,  but  may 
occur  in  children  during  the  educational  period. 
When  the  muscular  imbalance  exceeds  a  certain 
degree,  as  is  the  case  in  converging  and  diverging 
strabismus,  diplopia  is  the  result.  Normally 
the  two  eyes  are  in  a  state  of  perfect  eapulibrium 
{orthophoria),  the  adjustment  being  so  fine  as 
to  allow  of  the  images  of  objects  appearing 
exactly  on  the  same  spot  of  each  retina. 

35.  The  siimpdovis  of  asthenopia.. — Headach  e, 
and  acute  pain  in  the  eyes  or  orbits ;  the  more 
acute  it  is,  the  more  does  it  point  to  asthenopia. 
The  pain  is  increased  when  the  eyes  are  used 
for  near  objects,  but  sometimes  there  is  no  pain, 
and  at  others  it  is  referred  to  the  back  of  the 
neck ;  the  type  becomes  indistinct  or  double 
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and  blurred,  and  the  patient  mbs  his  eyes. 
There  is  photophobia,  lacrimation,  and  more  or 
less  conjunctival  congestion  with  blinking  of  the 
eyelids,  which  become  red  and  irritable.  The 
symptoms  are  always  accentuated  after  a  day’s 
Avork,  especially  if  artificial  light  has  been  used. 
In  children  headache  comes  on  shortly  after 
commencing  school  work  accompanied  by  blink¬ 
ing  of  the  eyelids. 

VI.  Heterophoeia. 

36.  Heterophoria (ETEpoc  different,^  OOElU  I  bear) 
or  mnscnlar  imbalance  may  manifest  itself  in 
either  eye  as  esoplioria  or  latent  -divei’gence, 
exo])hovia  or  latent  divergence,  or  liiiperpJioria 
or  latent  deviation  upwards.  They  a?re  all 
forms  of  muscular  asthenopia.  Such  cases  are 
better  referred  to  an  ophthalmic  specialist. 

37.  EsopJioria,  usually  associated  Avith,  and 
often  caused  by  hypermetropia  (frequently 
latent),  is  seldom  met  Avith  according  to 
Hai'tridge,  though  common,  as  it  quickly 
passes  on  to  conAmrgent  strabismus. 

38.  Exoplioria,  tlie  commonest  of  these  de¬ 
fects,  is  most  fre(]uently  associated  Avith  myopia. 
The  tendency  of  the  eye  to  turn  outAvards  is 
acused  by  inability  to  maintain  the  prolonged 
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convergence  necessary  to  perfect  vision,  from 
insufficiency  of  tlie  internal  recti  muscles. 

39.  Hi/perpJioria^  or  Isitent  deviation  upwards 
of  one  eye,  is  caused  by  insufficiency  .of  the 


Fig.  5. 


A.  Emmetropic  eye.  b.  Hypermetropic  eye.  c.  Myopic  eye. 

(From  Hartridge.) 

oblique  muscles.  It  is  usually  associated  with 
esophoria,  but  may  exist  alone.  It  is  a  common 
defect. 

40.  The  symptoms  of  lieteropliorla  are  those 
of  asthenopia  in  general.  Want  of  harmony 
between  the  functions  of  convergence  and 
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accommodation  is  a  frequent  source  of  Head¬ 
ache,  and  if  it  persists  after  application  to  near 
work,  when  the  visual  acuteness  is  normal, 
heterophoria  may  reasonably  be  suspected. 

VII.  Hypermetropia. 

41.  All  eyes  at  birth  are  hypermetropic 
above,  ju^r^ov  measure,  ^4  ^y®),  the  ocular  de¬ 
velopment  being  incomplete  until  the  age  of 
puberty ;  hypermetropia  is  therefore  more 
common  than  myopia.  In  hypermetropia  this 
natural  development  has  been  arrested,  with 
the  result  that  the  axial  length  (of  the  eye- 
liall)  is  less  than  the  focal  length  (of  V.) ;  in 
other  words  the  eyeball  is  too  short,  the 
parallel  rays  of  light  being  brought  to  a  focus 
behind  the  retina  (Fig.  5,  17).  The  higher  the 
degree  of  hypermetropia,  the  further  from  the 
eye  is  the  p.r. 

12.  Ilypermetropic  children  should  not  be 
allowed  to  use  their  eyes  for  near  sight  till 
proper  correcting  glasses  can  be  used  with 
safety,  i.  e.  at  the  age  of  four  or  five  years.  As 
some  diminution  in  degree  may  be  looked  for, 
the  sight  should  be  tested  every  two  or  three 
years,  with  a  view  to  reducing  the  strength  of 
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the  lenses.  But  after  adult  life  is  reached  no 
change  is  likely  to  occur,  though  the  defect 
will  not  be  likely  to  increase. 

43.  In  young  hypermetropes  there  is  fre- 
cpiently  a  certain  amount  of  lotsut  hypernie- 
tropia  hidden  behind  the  strong  accommodative 
effort  which  can  only  be  discovered  under 
atropine.  And  if — where  atropine  has  not 
been  used— the  hypermeti-opia  is  found  only  to 
be  partially  corrected,  that  the  above  exists 
may  be  looked  upon  as  a  certainty. 

44.  The  sijmptoms  o/' AyjierHm/rojnV/.— Distant 
V.  is  good.  There  is  difficulty  in  reading  long 
togethei,  especially  m  the  evening.  After 
reading  for  some  time  the  type  becomes  indis¬ 
tinct,  and  the  eyes  ache.  Headache,  nausea, 
and  sometimes  vomiting,  all  of  wliich  symptoms 
pass  off  after  a  night’s  rest.  Hypermetropes 
usually  have  small  eyes  and  jnipils. 

45.  In  prescribing  glasses  for  reading  in 
hypermeh-opia,  it  is  advisable  to  fully  correct 
the  manifest  hypermetropia  whilst  giving  one 
third  only  of  the  correction  for  the  latent 
hypermetropia  discovered  under  atropine. 

46.  In  young  persons  whose  hypermetroina 
does  not  exceed  3  or  4  D.,  and  distant  vision  is 
good  without  glasses,  these  need  only  be  worn 
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for  reading  or  near  work.  But  when  this  is 
exceeded  or  when  hypermetropia  is  compli¬ 
cated  with  convergent  concomitant  strabismus, 
glasses  should  be  worn  constantly. 

47.  A  hypermetrope  of  over  forty  years  of 
age  will  be  presbyopic  also.  The  reading  test 
must  therefore  be  applied.  The  correction  for 
the  distant  vision  only  (the  hypermetropia) 
should  be  worn  constantly. 

48.  In  hypermetropes  the  ciliary  muscle 
becomes  hypertrophied  owing  to  its  excessive 
use,  thus  overcrowding  the  ciliary  region,  with 
the  consequence  that  glaucoma  is  most  common 
in  hypermetropic  eyes. 

49.  Where  atropine  is  not  used,  and  espe¬ 
cially  in  the  young,  with  whom  the  accommo¬ 
dative  effort  is  very  strong,  hypermetropes  will 
sometimes,  owing  to  ciliary  spasm,  prefer  a 
concave  to  a  convex  lens,  the  explanation  being 
that  the  concave  lens  exercises  a  stimulative 
effect  on  accommodation,  producing  a  tempo- 
raiy  false  myopia. 

VIII.  Myopia. 

50.  In  myopia  ((uvw  I  close,  wip  the  eye)  the 
axial  length  is  greater  than  the  focal  length — 
in  other  words,  the  ej'^eball  is  too  long,  with 
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the  result  that  the  parallel  rays  are  brought  to 
a  focus  in  front  of  the  retina  (Fig.  5,  G),  In 
order  to  see  near  objects  the  eyes  must  con¬ 
verge,  with  the  result  that,  when  reading,  the 
book  is  held  close  to  the  eyes ;  and  if  this  con¬ 
vergence  be  not  counteracted  ultimate  blindness 
may  ensue. 

51.  Myopia  is  seldom  or  never  congenital, 
but  shows  itself  generally  about  the  eighth 
year.  The  earlier  it  appears  the  greater  the 
tendency  to  increase  and  the  more  serious  it  is, 
and  when  corrected  there  is  no  certainty  that 
the  defect  will  not  increase.  When  it  shows 
itself  after  school  life  the  tendency  to  increase 
is  not  so  great,  but  when  it  increases  after  adult 
life  it  is  very  serious  and  is  then  termed 
gressive  myoina, 

52.  Myopia  is  the  most  serious  of  all  errors 
of  refraction.  In  the  higher  degrees  (above 
6  D.)  pathological  changes  are  apt  to  occur  in 
the  eye  which  frequently  end  in  destruction  of 
vision.  The  backward  compression  of  the 
globe  by  the  extra-ocular  muscles,  produced  in 
the  instinctive  endeavour  by  the  patient  to  im¬ 
prove  the  distant  vision  by  cutting  off  the 
divergent  rays,  and  by  excessive  convergence 
which  is  resorted  to  for  near  work,  is  apt  to 
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produce  atropliy  of  the  choroid.  Myopes,  how¬ 
ever,  enjoy  an  almost  complete  immunity  from 
gltmicoma  because  of  the  atrophy  of  the  ciliary 
muscle  due  to  the  comparative  lack  of  its  use. 

53.  The  symptoms  of  myopia. — Distant  V.  is 
defective,  but  there  is  no  discomfort  with  near 
work,  though  the  object  is  held  nearer  than 
normal.  V.  at  night  is  bad.  Sparks,  circles, 
hashes  of  light,  etc.,  may  be  seen.  Straight 
lines  appear  bent  or  broken.  There  is  nearly 
always  photopltohia.  Headache  is  unusual,  and 
the  eyes  and  pupils  are  usually  large.  In  low 
degrees,  and  when  uncomplicated  with  astig¬ 
matism,  there  is  no  asthenopia.  When  the 
presbyopic  period  is  reached  the  myopia  is 
neutralised  by  the  presbyopia,  and  the  patient 
is  able  to  read  without  glasses. 

5d.  A  cycloplegic  is  always  advisable  in  the 
young  in  case  the  defect  from  spasm  of  the 
accommodation  might  appear  greater  than  it 
really  is,  and  thus  the  full  correction  be 
exceeded.  Where  it  is  not  used  the  defect' 
must  be  uuder-corrected.  Over-correction  in 
all  cases  of  myo])ia  is  to  be  avoided. 

55.  0  lasses  are  absolutely  necessary,  not 
only  for  near  V.  for  the  purpose  of  com¬ 
pelling  the  patient  to  read  farther  away,  but 
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also  for  distant  V.  Where  examination  of  the 
distant  V.  indicates  a  low  degree  of  myopia, 
spasm  of  the  ciliary  may  be  suspected,  when 
retinoscopy  should  be  practised  before  any 
glasses  are  ordered,  and  if  a  myopic  shadow 
be  found  the  patient  should  be  atropised  and 
re-examined. 

56.  The  reading  distance  for  a  myope  should 
be  about  35  cm.  (14  in.).  For  those  whose 
distant  V.  is  —  4  D.  and  upwards,  two-thirds 
less  power  in  the  concave  lens  should  be  pro¬ 
vided  for  reading.  As  the  lenses  of  the  glasses 
Avill  be  worn  nearer  the  eye  tlian  are  those  in 
the  trial  frame,  they  should  be  about  ^  D.  less 
in  power  for  every  5  D.  of  myopia.  A  myope 
of  3  D.  will  not  require  glasses  for  reading,  as 
his  p.r.  is  at  33  cm.,  but  by  encouraging  young 
myopes  to  wear  suitable  glasses  we  improve  the 
tone  of  their  ciliary  muscles.  If  he  has  6  D. 
of  myopia  he  will  require  ■—  3  D.  in  order  to 
put  back  his  p.r.  from  16  cm.  (6^  in.)  to  33  cm. 
The  higher  the  myopia  the  nearer  to  the  eye  is 
the  p.r. ;  but  the  p.p.  is  determined  by  the 
amount  of  accommodation. 

57.  In  progressive  myopia,  if  the  myopia  in¬ 
creases  rapidly  with  irritation,  complete  rest 
must  be  given  to  the  eyes,  and  solution  of 
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atropine  (6  cg.-28  ml.)  be  dropped  between  the 
lids  three  times  a  day  for  two  or  three  weeks ; 
connter-irritation  may  also  be  applied  to  the 
temples  or  behind  the  ears.  No  glasses  should 
be  worn  except  smoke-coloured  protectors. 
Reading  should  not  be  allowed  until  the  irrita¬ 
tion  has  subsided,  and  then  only  for  a  short 
time  in  a  good  light,  the  eyes  still  being 
atropised. 


IX.  Astigmatism. 

58.  In  astigmatism  (a  priv.,  Griy/na  point)  there 
is  a  difference  in  the  refraction  of  the  different 
Mns.  of  the  same  eye,  owing  to  the  deviation 
from  the  normal  curvature  of  the  dioptric 
surface.  The  fault  may  be  either  (I)  at  the 


lens,  or  (2)  at  the  cornea;  and  may  be  con- 
(jenital — wlien  the  defect  is  generally  symme¬ 
trical  in  both  eyes,  or  acquireiL  (I)  When  the 
fault  is  at  the  lens  it  is  nearly  always  con¬ 
genital;  but  this  organ  may  be  dislocated,  Avhen 
it  is  acquired.  (2)  When  the  fault  is  at  the 
cornea — wliicli  is  generally  the  case — it  may  be 
due,  congenitally,  to  unequal  shape  or  to  conical 
corncAi ;  |)athologically,  to  nebula;  and  Avhen 
ac(pdred,  to  avouiuIs  or  ulceration. 

59.  Astigmatism  exists  to  some  extent  in 


SIGHT-TESTJNG  MADE  EASY 


25 
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nearly  all  eyes,  but  if  only  to  such  a  small 
extent  as  not  to  disturb  V.  does  not  require 
optical  aid. 

60.  Regular  astigmatism  (Fig.  6)  consists  of 
(i)  simple^  wherein  one  Mn.  is  defective,  either 
hypermetropic  {ct)  or  myopic  (6),  the  former 
being  the  most  common  ;  (2)  compound  Avhere 
both  Mns.  are  defective,  either  hypermetropic 
(r)  or  myopic  {d)^  but  in  different  degrees  ;  (3) 
mixed^  (c),  where  both  Mns.  are  defective — one 
hypermetropic,  and  the  other  myopic. 

(31 .  The  symptoms  of  astvjmatism  are  those  of 
asthenopia  in  general.  The  head  is  frequently 
noticed  to  be  held  on  one  side  when  an  object  is 
looked  at,  with  the  nose  away  from  the  object. 
In  mixed  astigmatism  the  patient  usually  has  a 
vacant  look,  and  screws  up  his  eyes  when 
looking  at  an  object. 

62.  There  are  two  principal  Mns.  in  astig¬ 
matism  always  at  right  angles  to  each  other. 
They  are  the  Mns.  of  (jveatest  and  least  dsfect 
(G.D.  and  L.D.),  and  it  is  upon  the  discovery 
of  the  former  in  hypermetropia  and  of  the 
latter  in  myo})ia  that  the  accuracy  of  our 
diagnosis,  and  correction,  depends. 

63.  3die  Mn.  in  which  the  patient  sees  best 
with  the  strongest  coiirex  lens  is  that  in  which 
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he  sees  worst  with  the  naked  eye ;  it  is  there¬ 
fore  the  Mn.  of  ^Teatest  defect.  The  Mn.  in 
which  he  sees  best  with  the  lueakest  concane  lens 
is  that  in  which  he  sees  best  with  the  naked 
eye,  and  is  the  Mn.  of  least  defect. 

64.  It  must  be  understood  that  the  Mns.  are 
always  those  of  the  card  or  dial,  and  not  of 
the  eye.  Glasses  are  adjusted  according  to  the 
former,  which  are  the  opposite  to  what  the 
Mns.  of  the  eye  would  be  found  to  be  under  the 
objective  test  of  retinoscopn . 

65.  In  describing*  the  Mn.  in  which  the 
greatest  refractive  defect  found  and  in  which 
the  axis  of  a  cylindrical  lens  is  to  be  placed, 
the  degrees  of  half  a  circle,  i.  e.  from  1°  to  180° 
are  used,  these  being  alone  necessary,  for  the 
Mn.  of  1°  is  the  same  for  jjnrposes  of  refraction 
as  181°  (see  Fig.  8).  The  horizontal  and  vertical 
Mns.,  0°  and  90°,  are  described  as  h  and  v 
respectively,  and  not  by  the  number  of  tlie 
degree.  These  Mns.  are  by  some  represented 
by  a  horizontal  or  vertical  arrow,  instead  of  l)y 
the  abbreviations  Ax.  h.  or  Ax.  r. 

60.  The  greatest  curvature  and  consecpiently 
the  greatest  refraction  in  tlie  astigmatic  eye,  as 
in  the  normal  eye,  is  nsually  in  the  vertical 
Mn. ;  the  least  in  the  horizontal  Mn.  But 
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there  are  exceptions  to  this,  and  when  these  exist 
the  astigmatism  is  said  to  be  “  against  the  rule.” 

67.  In  all  forms  of  astigmatism,  the  horizontal 
Mn.  is  generally  the  hypermetropic  one,  and 
the  vertical  the  myopic  one  ;  consequently,  in 
hypermetropic  astigmatism  the  axis  of  the 
correcting  cylinder  is  generally  required  to  be 
placed  vertically,  and  in  myopic  astigmatism, 
horizontally.  In  simple  hypermetropic  astig¬ 
matism  the  vertical  Mn.  is  emmetropic. 

68.  On  wearing  suitable  glasses  improvement 
is  not  always  at  first  perceptible,  especially  in 
mixed  astigmatism  (though  generally  at  once 
apparent  in  hypermetropic  astigmatism) ;  in 
fact,  for  the  first  two  or  three  weeks  the  glasses 
may  be  worn  only  by  an  effort,  and  may  even 
increase  the  discomfort  until  the  eye  becomes 
accustomed  to  them. 

09.  IrregiUar  adigniatUvi  exists  where  the 
curvature  in  any  single  Mn.  is  not  everywhere 
alike,  so  that  the  rays  passing  through  the  same 
Mn.  are  never  united  in  one  point.  When  con¬ 
genital  the  lens  is  usually  in  fault  {incipient 
cataract)  ;  when  pathological,  it  is  usually  the 
cornea  {conical  cornea  or  ulceration).  This  con¬ 
dition  cannot  be  corrected  by  glasses. 

70.  'I’ke  stenopaic  dit  is  a  disc  having  a 
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nai’row,  oblong  opening  in  it,  and  may  be  found 
useful  in  diagnosing  cases  of  astigmatism.  It 
is  rotated  in  the  trial  frame  while  the  patient 
looks  steadily  at  the  distant  type,  and  the  Mn. 
in  which  the  best  V.  is  obtained  noted.  We 
then  try  the  defective  Mn.,  first  with  spherical 
convex,  and  then  with  concave  lenses  placed  in 
front  of  the  disc.  Example  :  Supposing,  with 
the  slit  in  the  vertical  Mm,  V.  is  f,  but  with 
convex  lenses  is  indistinct,  the  vertical  Mn.  is 
emmetropic.  Place  it  in  the  opposite  Mn. — 
the  horizontal — and  V.  is  found  to  be  but 
with  sph.  -t-  2'0  V.  is  f,  the  horizontal  Mn.  is 
hypermetropic,  the  case  being  one  of  simple 
hypermetropic  astigmatism,  requiring  for  cor¬ 
rection  cyl.  +  2,  ax.  v, 

X.  PeEiSryopia. 

71.  Presbyopia  (TrpsafSvc  old,  eye)  is  not 
a  pathological  condition  but  a  physiological 
process,  due  to  advancing  years,  in  which  there 
IS  gradually  diminishing  loss  of  die  power  of 
accommodation.  There  is  loss  of  elasticity  in 
the  lens,  with  loss  of  the  power  which  it 
possessed  of  increasing  its  convexity,  and 
to  some  extent  loss  of  power  in  the  ciliary 
muscle,  with  consequent  gradual  recession  of 
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the  p.p.  The  lens  gradually  increases  in  size, 
and,  approaching  the  cornea,  becomes  somewhat 
flatter.  The  result  is  that  near  objects  are  not 
seen  so  clearly  as  formerly. 

72.  Presbyopia  generally  manifests  itself  at 
forty-five  years  of  age  or  thereabouts,  when  the 
p.p.  has  receded  beyond  the  distance  at  which  we 
are  accustomed  to  read  or  write  with  comfort 
(30  to  40  cm.) ;  in  hypermetropia,  earlier ;  in 
myopia,  later.  An  emmetrope  will  never  require 
a  stronger  lens  than  +  3’5,  because  these  lenses 
adapt  him  for  a  distance  of  30  cm.  without  any 
accommodation.  At  the  age  of  forty  the  eye  of 
the  emmetrope  possesses  just  that  amount  of 
refractive  power  which  enables  him  to  see  at 
22  cm. 

73.  Symptoms  of  preshyoina. — Gradually  in¬ 
creasing  sense  of  fatigue  after  reading,  due  to 
presbyopic  asthenia ;  and  a  feeling  as  if  there 
were  not  light  enough. 

74.  The  lenses  for  presbyopia  ought  to  give 
distinct  V.  only,  and  not  magnify ;  they  also 
ought  first  to  be  used  only  by  artificial  or 
insufficient  light  for  very  fine  ivork  (145). 

Presbyopia  loitli  Hypermetropia. 

75.  ITypermetropes  generally  are  more  pres- 
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byopic  than  ^eiumetropes  at  the  same  age,  and 
therefore  require  stronger  lenses. 

76.  The  lenses  which  correct  the  hyper- 
metropia  only  shonld  be  worn  constantly,  the 
presbyopic  correction,  for  reading  only. 

Preshiiopia  with  Myopia. 

77.  Owing  to  the  gradual  recession  of  the 
p.p.  with  advancing  age,  in  myopia  it  will  be 
longer  in  reaching  the  point  (22  cm.)  when 
presbyopia  commences  than  in  the  emmetrope, 
so  that  in  prescribing  glasses  for  presbyopes 
the  amount  of  myopia  has  to  be  deducted  from 
the  lens  which  the  emmetrope  would  require  at 
any  given  age. 

78.  It  is  only  myopes  under  3  D.,  whose  p.p. 
has  receded  beyond  33  cm.,  who  may  require 
convex  lenses  for  reading  while  still  requiring 
concave  lenses  for  distance,  and  then  only  late 
in  life. 

79.  A  myope  of  2*5  D.  has  his  p.r.  at  40  cm. ; 
one  of  2  D.  at  50  cm. ;  one  of  1*5  D.  at  ()5  cm.  ; 
and  as  these  two  last  are  not  comfortable 
distances  for  reading,  convex  glasses  become 
necessary.  A  myope  of  1  D.  at  age  50  will, 
according  to  the  presbyopic  scale  (144),  have 
a  presbyopia  of  ID.;  consequently  one  will 


32 


SiaHT-TESTTNG  MADE  EASY 


neutralise  the  other,  and  he  Avill  require  no 
glasses. 

XI.  Strabismus. 

[Altlbougli  strahismus  does  not  come  within  the 
scope  of  subjective  sight-testing^  a  few  notes 
on  the  subject  may  not  be  unacceptahle  to  the 
reader,) 

80.  Stiiabismus  (argafSKT/ndg  Squinting)  exists 
where,  owing  to  the  disturbed  muscular  equili¬ 
brium  of  one  eye,  the  deviation  in  its  direction 
is  such  that  the  visual  axes  of  the  two  eyes  are 
not  directed  to  the  same  object,  Avith  the  result 
that  the  image  of  the  object  is  not  receiA^ed  hy 
the  maculae  of  both  eyes,  and  binocular  vision 
is  rendered  impossible.  It  may  be  due  to  defec¬ 
tive  anatomical  conditions,  or — AAdiich  is  more 
common — to  abnormal  innervation,  causing 
contraction  of  the  extra-ocular  muscles,  and  so 
excessiA^e  convergence  or  dwergence. 

81.  To  diagnose  the  sqnint, — Hold  the  finger 
up  about  a  yard  in  front  of  the  patient,  and 
direct  him  to  fix  his  eyes  upon  it.  Then 
gradually  approach  him  Avith  the  finger,  so  as 
10  call  into  action  his  accommodation,  (a)  If 
both  eyes  steadily  follow  the  finger  there  can 
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be  no  squint,  and  it  is  only  apparent.  (b)  If 
•  one  eye  follows  the  finger,  while  the  other,  after 
following  it  up  to  a  certain  distance,  suddenly 
deviates  inwards  or  outwards,  concomitant  stra¬ 
bismus,  convergent  or  divergent,  is  diagnosed. 
But  the  squinting  eye  follows  the  fixing  (non¬ 
squinting)  one  in  all  its  movements,  the  visual 
!  a:djes  maintaining  the  same  relation  to  each 
other  in  Avhichever  direction  the  eyes  are 
turned,  (c)  If  both  eyes  follow  the  finger  up 
to  a  certain  point,  where  one  eye  stops  “  after 
making  a  few  jerking*,  oscillatory  movements,” 
move  the  finger  up  and  down  and  from  side  to 
side  about  45  cm.  from  the  patient.  If  the 
squinting  eye  stops  at  a  certain  point,  while 
the  other  (the  fixing)  eye  continues  to  follow 
the  finger,  paralytic  strabismus  is  diagnosed. 
The  movements  of  the  squinting  eye  in  this 
variety  are  usually  very  limited.  There  is 
always  diplopia  in  this  variety,  but  seldom  in 
the  concomitant  variety,  because  the  false  imag’c 
seen  by  the  squinting  eye  gradually  becomes 
suppressed. 

Goncomitant  StrabismiLs. 

82.  In  concomitant  strabismus  one  eye  is 
generally  directed  inwards — convergent,  or  out- 
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wards — divergent^  but  sometimes  these  are 
combined  with  a  slight  upAvard  or  doAViiAYard 
tendency.  The  former  is  the  must  common 
form.  t 

83.  Squint  is  not  present  at  birth  and  never 
exists  in  both  eyes  at  once.  It  generally 
makes  its  appearance  about  the  fourth  or  fifth 
year,  as  soon,  in  fact,  as  the  child  begins  to 
look  at  near  objects,  and  is  generally  coiwer- 
gent. 

84.  But  squinting  is  liable  to  occur  normally 
in  infancy,  before  the  brain  centres  and  the 
visual  faculty  are  sufficiently  developed,  and 
whilst  the  eyes  are  being  educated  for  binocular 
Ausion.  And  the  tendency  may  be  aggraAnted 
by  teething  and  other  disturbances  of  the 
general  health.  Infantile  squinting,  however, 
disappears  in  the  majority  of  cases.  But  if, 
after  arriAung  at  a  year  old,  the  squinting  still 
persists  it  is  abnormal,  and  should  receive 
immediate  attention.  If  neglected,  the  squint¬ 
ing  eve,  beino'  but  little  used,  will  become 
amhljiopic  (a/ijSAiif,  dull)  in  time. 

85.  Squinting  may  be  alfernating — Avlien 
sometimes  one  eye  liecomes  the  fixing  one  and 
sometimes  the  otlier,  indiscriminately;  constant 
— wlien  the  same  eye  ahvays  squints ;  or 
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periodic — when  the  squinting  eje  only  deviates 
occasionally.  The  last  form  may  with  careful 
treatment  be  cured  ivithont  an  operation  (02) ; 

if  neglected,  it  generally  lapses  into  the  constant 
form. 

8G.  In  convergent  sfrahisviHS  the  imas'e  is 
received  on  the  inner  side  of  the  macula  of  the 


squinting  eye,  and  the  image  is  projected  to 
the  teinporcil  side  of  the  real  object.  In  divergent 
strabismus  the  image  falls  on  the  temporal  side 
of  the  macula,  and  is  projected  to  the  nasal  p,\(le 
of  the  object.  In  the  upward  variety  the  false 

image  is  piojected  heloiv,  and  m  the  downward 
variety,  abore. 

87.  The  greater  the  deviation  of  the  eye  the 
further  apart  are  the  images,  and  the  less 
distinct  the  false  imao-e. 


88.  Convergent  strabismus  is  intimately  con¬ 
nected  with,  and  usually  caused  by,  hypei’me- 
tropia.  The  convergence  exceeds  the  accom¬ 
modation,  and  is  most  marked  when  lookino-  at 
near  objects.  It  is  usually  in  cases  of  from 


2  D.  to  4  D.  that  convergent  squint  is  most 
frequently  met  with. 

89.  Divergent  strabisnins  is  not  so  common  as 
the  convergent  variety.  It  is  usually  due  to 
myopia,  in  which  condition  the  extreme  con- 
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vei’gence  necessary  to  enable  the  patient  to  see 
objects’ within  the  range  of  his  far  point  pro¬ 
duces  an  asthenopic  condition  of  the  internal 
rectus,  which,  becoming  fatigued,  gives  way, 
and  the  eye  deviates  outwards. 

90.  To  estimate  the  degree  of  the  squiut. — 
The  usual  method  is  to  make  an  ink  mark  on 
the  lower  eyelids  of  both,  eyes  immediately 
below  the  centres  of  the  pupils.  Hold  a  card 
in  front  ofi,the  fixing  eye,  when  the  squinting 
eye  willjat  once  make  a  movement  outwards  or 
inwards,  as  the  case  may  be,  to  fix  the  object ; 
a  second  mark  is  then  made  as  before  below 
the  squinting  eye  in  its  new  position.  The 
difference  between  the  two  marks  represents 
the  amount  of  the  squint.  This  is  called  the 
primarg  deviation.  But  while  the  squinting 
eye^was  deviating  to  fix  the  object,  the  fixing- 
eye  behind  the  card  will  also  have  deviated  in 
the  same  direction  as  tlie- squinting  eye.  Tliis 
is  the  secondarij  deviation.  And  a  second  mark 
is  now  made  below  this  eye  in  its  new  position, 
Avhen  the  deviation  will  be  found  to  equal 
exactly  that  in  the  squinting  eye,  which  is  a 
characteristic  of  concomitant  squint,  whereas 
in  paralytic  squint  the  secondary  deviation 
exceeds  the  primary. 
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91.  The  deviations  represented  by  the  ink- 
marks  are  now  measured  with  the  sti’abis- 
mometer  (Fig.  7),  which  is  placed  below  the 
lower  eyelid,  when  the  degree  of  the  deviation 


Pig.  7. 


Strabismonieter. 


Cciii  bo  iGcid  oft*.  If  groat  oxactiioss  l)o  rcrjuirod 
the  perimeter  may  lie  used,  by  which  the  angle 
of  the  squint  {i.  e.  the  angle  which  the  visiial 


axis  makes  with  the  direction  it  should  take 
normally)  may  be  measured. 

92.  Ti  ecitvient.  Young'  children  should  be 
discouraged  as  much  as  possible  from  looking 
at  near  objects.  Any  error  of  refraction  is 
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to  be  corrected  to  jireveiit  excessive  accom¬ 
modation,  and  equalise  tlie  two  functions  of 
accommodation  and  convergence.  In  slight 
cases,  if  the  squint  disappears  under  atropine, 
glasses  will  probably  effect  a  cure,  but  they 
must  be  worn  for  some  months.  Tying  up 
the  fixing  eye  for  an  hour  or  so  a  day  is  found 
useful.  Mr.  Hartridge  recommends  the  appli¬ 
cation  of  1  drop  of  a  ^  per  cent,  solution  of 
atropine  to  the  fixing  eye  twice  a  week  to 
prevent  this  eye  being  used  for  near  objects, 
and  to  compel  the  deviating  eye  to  be  employed 
for  this  purpose  ;  and  says  that  in  periodic 
strabismus,  where  squinting  has  only  just  com¬ 
menced,  and  arises  only  under  the  influence 
of  excessive  accommodation  necessarv  to  enable 
the  child  to  see  near  objects,  this  treatment  may 
at  once  correct  the  deviation.”  Glasses  for 
constant  nse  may  then  only  be  necessary  for  a 
year  or  two,  bnt  innst  be  continued  for  near 
work  for  a  much  longer  time. 

d.’l.  Wlien  the  sciuint  has  become  permanent, 
glasses  may  have  to  be  Avorn  constantly  for 
many  years. 

d f.  When  cliildren  under  tliree  years  of  age 
are  ordered  glasses,  parents  should  be  cautioned 
as  to  the  danger  attending  their  use. 
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95.  Before  glasses  are  used^  the  eyes  should 
be  examined  objectively  by  retinoscopy  under 
atropine,  in  order  that  the  refractive  condition 
may  be  accurately  estimated,  and  the  proper 
correcting  lenses  supplied  for  constant  use. 

96.  When  normal  V^.  is  not  obtained  after 
correction,  muscular  exercises  must  be  adopted, 
and  the  development  and  cultivation  of  the 
visual  faculty  carried  out  by  stereoscopes  or 
Worth’s  amblyoscope. 

97.  If,  after  seven  years  of  age,  but  not 
before,  glasses  have  been  worn  for  some  months, 
and  no  improvement  is  manifested,  operative 
interference  will  be  necessary. 

98.  In  divergent  squint  with  mvopia,  •  the 
full  correction  should  be  given  for  constant 
use.  But  “  when  divergent  squint  is  developed, 
the  only  successful  treatment  is  operation  ” 
(Jessop). 
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PART  II 

SUBJECTIVE  SIGHT  TESTING. 

XII.  PliELIMINAKY  NOTES. 

General. 

90.  The  student  should  provide  himself  with 
a  complete  set  of  trial  lenses,  consisting  of  two 
.  sets  each  of  the  following  :  Convex  and  concave 
sphericals,  from  •2-5  to  4'0  in  quarters,  from 
4'0  to  6'5  in  halves,  and  from  7’0  to  lO'O  in 
coinplete  dioptres.  Convex  and  concave  cylin- 
dricals  from  '25  in  quarters  to  4'0.  One  set 
of  ten  prisms,  pin-hole  disc,  stenopaic  slit, 
Maddox  rods  in  reversible  frame,  and  adjustable 
trial  frame.  Also  a  metric  measure,  and  a 
sio'ht  test  cai'd  similar  to  that  shown  in  Eia'.  8, 
revolving  in  the  centre  of  which  are  two 
circular  dials.  The  card  should  be  hung  so  that 
the  centre  is  as  nearly  as  possible  on  a  level 
witli  the  patient’s  eyes,  and  should  be  provided 
with  a  good  light.  The  inner  dial  has  groups 
of  lines  of  various  thicknesses  on  it,  arranged 
in  such  a  manner  that  in  whichever  way  it  is 
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turned,  there  are  always  two  groups  of  the 
same  size  exposed,  opposite,  and  at  right  angles 


Fig.  8. 


2  L  4  A  d  H 


DAVIDSON’S  IMPROVED  COMPLETE  SIGHT  TEST. 

VGRCAT  PORTLAND  ST  LONDON.  W.) 


OUTER  DIAL 


COVERING  LINES 
AND  COLORS 


t 


<?5!VSTIGMATISM.‘1I> 


NOTE — The  outer  dial 

PERMITS  OF  TWO  SERIES 
OF  LINES  OF  THE  SAME 
THICKNESS  BEING  EXPOSED 
IN  TWO  OPPOSITE 
MERIDIANS  AT 
ONE  TIME  ..-ii 


to  eacli  other.  Under  each  set  of  lines  is  inai'ked 
the  distance  in  metres  and  feet  at  Avhich  the 
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normal  eye  can  count  tliein.  The  outer  dial 
lias  two  openings  that  allow  of  only  two  sets  of 
lines  being  exposed  at  one  time.  The  radiating 
lines  around  the  semicircle  on  the  main  card 
denote  the  Mns.  at  which  the  lines  are  exposed. 


Fig.  9. 
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On  each  side  of  the  main  card  are  test  letters 
and  fio'ures  of  varions  sizes,  accordina,’  to 
Snellen,  and  the  dot  tests  for  recruits.  The 
•reverse  side  of  the  card  (Fig.  9)  is  arranged 
for  testing  defects  of  the  ocular  muscles  {lietero- 
■pliorid.),  and  for  using  with  the  Maddox  multiple 
rods  ami  prisms. 

100.  To  iise  the  dial  avid  lines,  find  the  Mn. 
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in  Avhich  tlie  smallest  lines,  or  those  normal 
for  distance,  are  best  counted,  and  then  rotate 
dial  forty-five  degrees  above  and  beloAv  it,  to 
find  if  they  can  be  counted  better  in  any  inter- 
mediate  Mn. 

101.  Each  eye  should  be  examined  separately, 
the  opposite  eye-piece  of  the  trial  spectacle  frame 
beino*  closed  during;’  the  examination. 

102.  The  distant  V.  should  be  first  tested, 
then  the  near,  and  the  muscular  condition  last. 
The  patient  is  placed,  if  possible,  0  metres  from 
the  card,  when  the  letters  marked  “  V.  =  0  m.” 
should  be  read  if  V.  is  normal.  If  that  distance 
cannot  be  obtained,  then  4’5  m.  must  suffice, 
but  the  letters  marked  “  V.  =  4‘5  m.”  should 
be  read  for  V.  to  be  noi'inal.  The  largest  type 
sliould  be  read  at  60  in.,  the  rest  as  marked 
under  each:  oG,  24,  18,  15,  12,  9,  6,  4*5  and 
o  in. 

103.  Normal  V.  is  described  as  being  {b  the 
upper  figure  or  numerator  representing  the 
distance  in  metres  at  Avhich  letters  can  be  read 
from  ;  the  lower  figure  or  denominator  I'epre- 
senting  the  distance  the  smallest  letters  which 
can  be  read,  should  be  read  from.  For  instance,  ‘ 
the  letters  which  should  be  read  at  6  in.  cannot 
be  read  at  that  distance,  but  those  which  should 
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be  read  at  9  or  12  m.  can  be  read.  V.  is  then 
said  to  be  f  or  j-g. 

104.  If  V.  =  f  and  a  cylinder  makes  it  worse 
in  every  Mn.,  normal  V.  is  confirmed. 

105.  Examination  slionld  always  commence 
with  +  lenses,  and  every  Mn.  tested,  before 
using  —  lenses.  Stronger  convex  lenses  (about 
0*50  is  generally  enough),  and  weaker  concave 
lenses  should  be  used  for  lines  than  for  letters^ 
but  only  for  that  purpose,  and  are  subsequently 
discarded. 

106.  In  hypermetropic  conditions  the 
convex  lens,  and  in  myopic  conditions,  the 
weakest  concave  lens,  giving  good  V.  should  be 
used.  In  myopic  conditions  the  use  of  convex 
lenses  in  every  Mn.  should  be  exhausted  before 
using  concave  lenses.  AVhen  a  cycloplegic  is 
used,  allowance  must  be  made  accordingly. 
The  correction  in  hypermetropia  must  be 
slightly  reduced  (by,  say,  +  1  D.),  and  in 
myopia  by  slightly  increasing  it. 

107.  ^Idie  fact  of  lines  being  seen  in  anv  one 
Mu.  better  tluui  in  another,  or  the  lines  of 
letters  which  run  in  one  direction  better  than 
those  Avhich  run  in  another,  is  proof  of  the 
existence  of  astigmatism. 

O 

108.  If  improvement  results  in  any  one  Mn. 


O 


SIGHT-TESTING  MADE  EASY 


45 


with  convex  sphericals,  it  is  a  proof  of  hyper¬ 
metropic  astigmatism  in  that  Mn. 

109.  When  testing  for  astigmatism,  spherical 
lenses  should  be  used  for  lines,  and  cylindrical 
lenses  for  letters.  And  stronger  4-  lenses,  and 
weaker  —  lenses  used  for  lines  than  for  letters. 

110.  In  compound  astigmatism  the  spherical 
lens  require^  is  that  which  corrects  the  weakest 
Ain. ;  the  cylindrical  lens,  that  which  corrects 
the  opposite ;  and  the  power  of  the  latter,  and 
the  degree  of  astigmatism  is  equivalent  to  the 
difference  between  the.  two  Alns.  In  mixed 
astigmatism  the  degree  of  astigmatism  is  the 
sum  of  both  Alns. 

111.  The  axis  of  the  cylindrical  lens  should 
always  be  placed  in  the  Ain.  of  Gl.D.  of  the 
dm/-.  In  placing  the  axis  in  this  Ain.,  we  really 
place  it  in  the  Ain.  of  L.D.  of  the  eije. 

The  Pin-hole  Disc. 

112.  If  both  near  and  distant  V.  be  defective, 
the  nin-hole  disc  will  at  once  enable  ns  to 

X 

decide  whether  the  fault  is  refractive  or  not. 
The  minute  hole  in  the  centre  should  be  placed 
in  front  of  the  centre  of  the  pupil.  If  there  ' 
be  imjDrovement  the  defect  is  refractive,  and 
astigmatism  may  be  suspected ;  but  if  there  be 
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no  improvement  it  is  either  the  transparent 
media  or  the  retinal  sensibility  that  is  in  fault. 

Oycloj)legics, 

113.  Cycloplegics  {kvkXoq  circle,  iT\r]yyj  stroke) 
produce  paralysis  of  the  ciliary  muscles  and  of 
accommodation,  and  dilatation  of  the  pupil. 
A  mydriatic  dilates  the  pupils. 

114.  The  two  cycloplegics  in  general  use  in 
estimating  errors  of  refraction  are  atropine  and 
homatroinne.  The  former  is  generally  used  for 
young  people,  and  should  never  be  used  for 
patients  over  thirty-five  years  of  age  ;  the  latter, 
Avhich  is  safer  for  adults,  in  whom  only  a 
modified  effect  is  required,  and  owing  to  the 
length  of  time — about  a  week — durino^  which 
tlie  effects  of  atropine  continue,  few  could  put 
up  with  the  inconvenience  caused  by  it.  For 
elderly  peo]de  a  4-per-cent,  solution  of  cocaine 
hydroch.  will  generally  be  found  sufficient. 

Ho.  1^’or  subjective  examination  it  is  advis¬ 
able,  and  for  olpective  examination  (retinoscopy) 
it  is  absolutely  necessary  to  use  a  cycloplegic  for 
astigmats,  young  squinters,  and  myopes  under 
sixteen,  also  for  hypei-metropes  under  twenty, 
in  ordei'  to  make  sure  of  completely  paralysing 
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accommodation,  and  of  allowing  any  spasm  of 
tlie  ciliary  muscle. 

116^.  A  cycloplegic  is  seldom  required  for 
patients  over  twenty^five  years  of  age^  owing  to 
the  declining  power  of  accommodation,  but  may 
be  required  even  up  to  forty-five  years  in  those 
with  whom  correction  without  a  cycloplegic 
has  failed  to  relieve  the  asthenopia. 

117.  The  use  of  a  cycloplegic  is  liable  to 

produce  glaucoma,  especially  in  elderly  people, 
and  has  not  been  unknown  to  have  been  pro¬ 
duced  in  young  people.  To  counteract  this, 
its  use  should  always  be  followed  by  an  applica¬ 
tion  of  eserine,  either  in  the  form  of  lamella 
(0  eg.  013  =  gr.),  or  a  per  cent,  solution 

(6  eg.  to  28  ml.).  Care  should  always  be  taken 
previously  to  estimate  the  tension  of  the 
eyeball. 

118.  The  cycloplegic  may  be  applied  to  the 
inner  surface  of  each  lower  eyelid,  either  in  the 
form  of  lamelhe  or  in  solution. 

JJnder  fifteen  years  of  age. — One  drop  of  the 
following  solution,  or  one  lamella,  twice  a  day 
for  three  or  four  days  previous  to  examination. 
In  children,  Mr.  Hartridge  recommends  the 
continuance  of  the  atropine  till  the  spectacles 
are  ready  for  use  : 
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B  Atrojnni  liydrohrom.  or  sulph. 
Cocain.  hydrochlorid.  ail  16  eg. 
Aq.  distil,  ad  28  ml. 

or  Lamella,  atropin.  liydrohrom.  and 
Cocain.  hydrochlor.  ail  0  eg.  03. 
(gl’-  2Ho)- 


Over  fifteen  years  of  age. — One  or  two  drops 
of  the  following  solution,  or  one  lamella,  an 
hour  before  examination,  and  repeated  in  twenty 
minutes,  when  the  patient  is  under  twenty-five 
years  of  age  :  when  over  that  age,  one  application 
half  an  hour  previous  will  be  sufficient.  Cocaine 
not  only  increases  the  mydriatic  effect,  but 
tends  to  prevent  conjunctivitis  : 


or 


IToniatrojjin.  liyclrohrom .  .  25  eg. 

Cocain.  IbydrocMor.  .  .  o2  eg. 

Acid  salicyl.  .  .  .  b  eg. 


All.  distil,  ad  28  ml. 

Jjamella  liomatropin.  liydrohrom.  and 
Cocain.  hydroclilor.  aa  0  eg.  13  gr.). 


119.  Complete  paralysis  of  accommodation 
is  effected  in  about  three-quarters  of  an  hour. 
I'lie  effects  pass  off  in  from  tAvelve  to  twenty- 
four  hours.  In  adnlts,  when  the  examination 
is  completed,  one  lamella  or  one  drop  of  solu- 
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tion  of  eserine  (117)  slioiikl  be  applied,  and 
repeated  three  times  a  day,  until  the  sight  for 
near  objects  becomes  the  same  as  before  the 
test,  which  may  be  in  two  or  three  days.  The 
patient  should  be  provided  with  10  to  1 5  lamellm 
or  drops  for  the  purpose. 

120.  In  astigmats,  whatever  the  Mn.  decided 
upon  for  the  axis  of  the  cylinder  while  under 
the  influence  of  a  cycloplegic,  this  must  on  no 
account  be  changed  subsequently.* 

121.  The  reading  V.  should  not  be  tested 
until  tne  effects  of  the  cycloplegic  have  passed 
off,  as,  the  accommodation  being  paralysed,  the 
patient  is  unable  to  neg’otiate  the  divergent  rays 
reflected  from  a  book  at  a  comfortable  reading- 
distance. 


Spectacles. 


122.  When  measuring  for  spectacles,  care 
must  be  taken  that  the  centres  of  the  lenses 
correspond  as  nearly  as  possible  Avith  the  centres 
of  the  pupils.  Those  intended  for  reading  or 

o 


^  Care  must  be  taken  to  make  allowance  for  the  influence  of  the 
cycloplegic,  it  being  usually  necessary  slightly  to  reduce  the  cor¬ 
rection  in  hypermetropes,  and  to  increase  it  in  myopes^  by  say 
•75  if  there  is  -50  if  1*0°,  1*0  if  there  is  2*0°.  A  hypermetropj 
of  -h  3-5  would  have  +  1  D.  less 


4 


50 


SIGHT-TESTING  MADE  EASY  . 


near  work  only  may  be  allowed  to  converge 
slightly. 

128.  Spectacle  frames  are  measured  from  the 
outside  rim  of  one  eye-piece  to  the  inside  rim 
of  tbe  other,  which  measurement  will  be  found 
to  coincide  exactly  with  the  distance  between 
the  centres. 

12d.  All  glasses,  except  those  for  presbyopes, 
should  be  worn  as  close  to  the  eyes  as  the 
lashes  permit.  The  recognised  distance  is  13'7 
mm.  in  front  of  the  cornea.  Presbyopes  may 
Avear  them  according  to  their  own  inclination, 
the  distance  from  the  cornea  generally  being 
about  2’5  cm.  (or  1  in).  Myopes  should  wear 
their  Masses  for  reading  and  near  Avork  con- 
tiuually-(55) ;  hypermetropes  (see  46,  47,  and 

125.  Spectacles  are  best  in  all  cases,  but  if 
they  are  objected  to,  horizontal  clips  may  be 
used  for  niyopes  and  astigmats.  Folders  are 
oidy  suitable  for  presbyopes  and  should  never 
be  used  Avith  astigmatic  (cylindrical  or  com- 
|)ound)  lenses.  For  presbyopes,  AAdio  use  glasses 
only  for  near  Avork,  spectacles  are  iised  for 
homo  work,  Avhile  folders — -Avlncli  require  only 
one  hand  to  place  them  in  position — are  gene¬ 
rally  used  for  the  pocket. 
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XIII.  Preliminaky  Tests  (on  Letters  only). 


126.  i.  Use  nalced  eye  (for 
acuteness  of  vision).  Xote 
result. 

ii.  Use  convex  sjyhericcds 
(for  liypermetropia). 

(ct)  If  V.  normal  or  not, 

1  and  there  is  iinprovement : 

^  (b)  If  V.  not  normal, 

and  partial  improvement 
only. 

(c)  If  V.  not  normal  and 
improvement  doubtful,  or  no 
improvement  at  all — 

iii.  Use  c  onvex  cy  Under  s 
(for  hypermetropic  astignia-^>^ 
tism  and  myopia).  Rotate 

’  startino:  f . 

C«)  If  one  Mn.  improved,  ^ 
and  the  opposite  made  worsfe 
(because  probably  emmetro¬ 
pic),  but  normal  V.  ob¬ 
tained  with  this  lens  alone : 


S  aspect 


Cro  on  to 


I  Hyper-^ 

J  metropia 
comp, 
hyper, 
astig. 


simple 

byper. 

astig. 


132 


131 


-|  o.) 
i  O' 
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(b)  If  one  Mil.  improved, 
opposite  made  much  worse, 
but  normal  V.  not  obtained 
Avitli  this  lens  alone  : 

(c)  If  equally  worse  in 
every  Mn. 

(d)  If  worse  in  every 
Mn.,  but  more  so  in  one  Mn. 
than  in  another — 

iv.  Use  conceive  cylinders 
(for  myopic  astigmatism) . 
-Rotate  starting 

(ff)  If  one  Mn.  improved 
(the  Mn.  made  worse  with 
convex  cylinders) ;  the  oppo¬ 
site  made  worse  (because 
^irobably  emmetropic)  ;  and 
normal  V.  obtained  with  this 
lens  alone  :  * 

(h)  If  one  Mn.  improved, 
but  normal  V.  not  obtained 
Avith  this  lens  alone  : 

AG  There  beinsf  no  refrac- 
tory  error,  oi‘  a  trivial  one 
only  ;  or  normal  V.  not  ob¬ 
tained  during  any  of  the 
aboAm  tests : 


Suspect 

I  mixed 

( •* 

-  myopia 


simple 
>  myopic 
astig. 

'  comp. 

-  myopic 
astig. 

% 

lietero- 
^  plioria. 


Go  on  to 

135 

136 


137 

138 
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XIV.  CONPIEMATORY  TeSTS. 

HYrERMETROPIC  TeSTS. 

Hyj)  ermeti  'opi  a. 

127.  Whether  letters  read  or  not  read 
normally,  if  V.  is  good  or  improved  with 
spherical  convex  lens,  the  diagnosis  of  hyper- 
metropia  is  complete. 

Correction :  The  strongest  spherical  convex 
which  gives  best  results  (106). 


Simple  Hypermetropic  Astirimatism. 

(See  108  and  109.) 

128.  Having  noted  the  defective  Mn.,  say 
15°,  which  was  improved  with  cylindrical 
convex  lenses,  say  I'O,  on  letters^  verify  this 
Mn.  on  lines,  exposing  those  normal  for  dis¬ 
tance,  and  add  a  further  +  0'5  to  the  above 
lens  -  1-5  (105).  This  angle  will  be  found  to 
correspond  with  the  defective  Mn.  Then  test 
the  opposite  Mn.,  105°,  on  lines  with  the  naked 

eye,  and  if  V.  is  normal  the  diagnosis  is 
complete. 

Correction :  The  strongest  convex  cylinder 
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(45)  with  which  letters  can  be  read  at  normal 
distance,  axis  in  defective  Mn.  (111). 

Formula:  Cyl.  +  1*0,  ax.  15°. 

fiom.'poiind  Hijjjermetropic  Astigmatism. 

120.  Having  noted  tlie  strength  of  the  sphe¬ 
rical  convex  lens,  say  1'5,  which  gave  partial 
improvement  only  on  letters,  proceed  to  find 
the  Mn.  of  Gl.D.,  i.  e.  the  most  hypermetropic 
(63).  To  the  above  lens  add  a  further  0'5  = 
sph.  +  2'0  (105),  and  test  on  lines.  Commence 
by  exposing  largest  lines,  gradually  reducing 
the  size  until  the  least  is  foiind  that  can  be 
counted.  Then  find  the  Mn.  in  which  they  are 
best  seen — say  15°' — by  rotating  the  disc.  This 
is  the  Mn.  of  G.D.  Discard  this  lens.  Then 
test  lines  in  the  oposite  Mn.  (that  at  right 
angles  to  it),  the  Mn.  of  L.D. — 105°.  If  foiind 
to  be  hypermetropic,  the  diagnosis  is  complete. 
The  condition  of  this  Mn.  will  show  Avhether  it 
is  a  case  of  simple,  or  compound  hnpermetrop>ic, 
or  mixed,  a,stigm.atism.  Now  nse  the  naked  eye; 
then  add  convex  spherics  till  the  strongest  is 
found  which  gives  best  results,  •  say  +  0'50. 
This  will  be  the  spherical  coiTection. 

.Result :  Sph.  +  0'50  in  meridian  105°. 

With  the  above  lens  (sph.  +  0’50)  draw 
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attention  to  letters  and  place  in  front  of  tlie 
eye  cylinders  with  axes  in  Mn.  of  Gr.D.  (15^)5 
till  the  one  is  found  which  gives  the  best  results, 
say  +  rO.  This  is  the  cjilindrical  correction. 

The  total  correction  is  the  sum  of  the 
two  lenses,  and  the  forimda  :  Sph.  +  0’50  3 
cyl.  +  1*0  ax.  15°.  AYe  have  thus  +  *50  1).  in 
Mn.  15°,  and  -f  1*50  D.  in  JMn.  105°. 

Confirm  by  rotating  the  cylinder  to  either 
side. 


Mixed  A  Miriinatism. 

loO.  Having  noted  the  Mn.  which  Avas  ini- 
proved  with  the  convex  cjdinders  on  letters, 
say  horizontal,  we  diagnose  hypermetropic  astig- 
matisrii  in  this  Mn.  (109).  To  complete  the 
exainination,  test  the  opposite  ]\ln.,  the  vertical 
(which  gave  the  best  resvdts  with  the  naked 
eye,  and  was  made  mncli  worse  with  the  V'cuhesf 
convex  lens),  with  weak  concave  cylinders  on 
letters,  axes  in  this  Mn-  Myopia  will  at  once 
l)e  made  manifest.  Now  proceed  to  find  the 
amount  of  defect  in  eacli  ]\[n. 

Expose  lines  on  dial,  normal  for  distance ; 
{a)  First  test  the  hypermetropic  Mn.  (the 
horizontal)  by  rotating  the  dial,  and  placing 
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lilies  in  that  Mn.,  with  convex  sphericals.  The 
strongest  with  which  the  lines  can  be  counted 
denotes  the  amount  of  liypermetropia^  say  +  2*0. 
(5)  Then  test  the  myopic  Mn.,  the  vertical,  by 
placing  lines  in  that  Mn.,  with  concave  sphericals. 
The  weakest  with  which  the  lines  can  be  counted 
denotes  the  amount  of  myopia^  say  —  1*0. 

Total  re>ailt :  Hypermetropia  of  +  2*0  in  the 
horizontal  Mn.  and  myopia  of  —  1*0  in  the 
vertical  Mn.  The  sum  of  the  two  denotes  the 
amount  o  f  ((Migniatis in,  and  the  strength  of  the 
cylindrical  lens  required. 

Ckmrection  :  Cyl.  -f  2*0,  ax.  h.,  o  cyl.  —  1*0, 
ax.  V.,  which  reduced  to  a  spheric  and  a 
cylinder,  give  the  following : 

Formula  :  Sph.  +  2*0  3  cyl.  *k^3*0,  ax.  v. 

Tdie  sph.  4  2*0  corrects  the  hypermetropia 
in  the  horizontal  Mn.,  but  makes  the  myopiia  in 
the  vertical  Mn.  more  myopic,  by  —  2*0,  than 
before,  which  is  corrected  bv  —  3*0. 

Alternatire  forinuJa  :  Sph.  --  1*0  3  cyl.  + 
3*0  ax.  h. 

Here  the  sph.  —  1*0  corrects  the  myopia  in 
the  vertical  Mn.,  but  makes  the  hypermetropia 
in  the  horizontal  Mm  more  hypermetropic  by  — 
hO,  necessitating  -f  0)0  instead  of  H-  2*0  D.  to 
correct  it. 
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Myopic  Tests. 

Myojjia, 

131.  Test  (a)  with  the  naked  eye  on  lines. 
llesiilt :  V.  equally  -bad  in  every  Mn.  (ft) 
With  concave  sphericals  on  letters.  liesuJt  ; 
V.  normal  with  this  lens  alone.  The  diaOTosis 
of  myopia  is  complete. 

Gor  reetion  :  The  weakest  concave  splierical 
that  gives  the  best  results. 

^wiple  Mijoinc  Astigmafism. 

132.  V.  is  made  worse  in  every  Mn.  with 
convex  cylindei’s. 

Test  with  naked  eye  on  lines.  Ii.esnlt :  V. 
=  3%.  Lines  in  one  Mn.,  say  the  horizontal, 
are  corrected  normally,  but  those  in  the  opposite 
Mn.,  the  vertical,  cannot  be  corrected,  ddien 
test  the  lines  in  the  opposite  Mn.  with  weak 
concave  cylindricals,  axis  in  this  Mn. 

Result :  V.  =  {t,  and  the  diagnosis  is  com¬ 
plete. 

Gorrection  :  The  weakest  concave  cylindrical, 
say  —  0’5,  with  which  lines  can  be  counted 
normally,  axis  in  defective  Mn.  (the  vertical). 
Verify  on  letters. 

Formula:  Cyl.  -  Om,  ax.  v. 
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Gompouncl  Myopic  Astigmatism. 

138.  There  was  no  improvement  with  convex 
lenses.  One  Mn.  improved  with  concave  cylin¬ 
ders,  bnt  normal  V.  not  obtained  with  this  lens 
alone. 

Test  {a)  with  the  naked  eye  :  V.  =  3%;  lines 
not  connted  in  any  Mn.  (/;)  AYith  concave 
sphericals,  say  2*0  on  letters,  find  the  weakest 
giving  best  resnlts.  Then  change  lens  to  0*5 
less  (lOb)  =  sph.  —  I'o,  and  find  the  Mn.  of 
L.D.,  which  is  the  Mn.  in  which  lines  are  best 
counted,  say  the  horizontal.  The  weakest  is 
the  ^plievical  correction^  say,  —  1*0  D.  Test  the 
opposite  Mn.,  the  horizontal,  for  the  ciilinclrical 
correction.  To  the  spherical  correction  —  1‘0, 
add  cylindrical  lenses,  say  2*0  I).,  axis  in  Mn. 
of  greatest  defect  (the  vertical),  and  find  the 
weakest  with  which  letters  can  be  read  and 
lines  connted  in  both  Mns.  at  normal  distance. 

Formula  :  Sph.  —  1*0  3  —  ^hO,  ax.  v. 

AYe  have  hei*e  —  1*0  D.  in  the  A^.  Mn.,  and  —  3*0 
in  the  11.  Mn. 
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XV.  Heterophoric  Tests. 

(«)  The  Distant  Point  Muscle  Test. 

(With  the  Maddox  Multiple  Eods.) 

154.  The  eyes  must  be  exaiuiued  with  both 
distant  and  near  point  tests,  the  former  first, 
then  the  latter.  Both  eyes  are  kept  open 


Fig.  10. 
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dnrino*  the  examination.  The  refractive  condi- 
tion,  if  any,  should  be  first  discovered  and  the 
correction  worn  during  tlie  test. 

135.  The  disc  of  the  Maddox  rods  fits  suffi¬ 
ciently  loosely  in  one  of  the  frames  that  it  may 


be  rotated  with  the  fiimer  and  tlininb,  brinmno- 
the  rods  into  either  a  liorbiontal.  or  vertical  posi¬ 
tion  ;  in  the  opposite  frame  is  coloured  glass. 
The  spectacle  frame  can  also  be  reversed  for 
the  use  with  either  eye.  There  are  two  methods 
of  using  the  rods,  ■which  are  explained  in  the 
two  following  sections'. 


I 
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136.  The  frame  containing  the  rods  is  placed 
in  position,  the  rods  being  at  first  horizontal 
and  the  patient’s  attention  concentrated  on  a 
light  placed  in  front.  The  light  when  seen 
through  the  Maddox  rods  (Fig.  10)  under  a 
condition  of  perfect  equilibrium  {prtlioplioria) 
is  seen  as  a  Ions:  red  streak  throuofh  the  middle 
of  the  flame,  but  in  the  opposite  Mn.  to  that 
in  which  the  rods  are  placed — vertically  when 
they  are  placed  horizontally  (Fig.  11,  a),  and 
horizontally  wdien  they  are  placed  vertically  (/>). 
Any  variation  in  the  position  of  the  streak  to 
either  side  shows  want  of  harmony  between 
the  convergence  and  accommodation,  and 
heterophoria  in  some  form  or  another  wdll  be 
found  to  exist.  If  the  streak  is  seen  with  the 
riglit  eye  to  the  right  of  the  flame  and  with 
the  left  eye  to  the  left,  convergence  (esoplioria) 
exists  ;  if  the  reverse,  divergence  {exophoria) 
exists^';  ^Now  place  the  rods  verticalhi ;  if  the 
strealv  appears  heloic  the  flame,  left  hyperphoria 
exists,  and  if  ahore^  hyperphoria.  The 

aipount  of  deviation  in  each  case  is  gauged  by 
the  prism  whicli  brings  tlie  streak  into  its 
normal  position. 

137.  The  sight-test  card  (Fig.  9)  is  brought 
into  use,  the  central  Idack  spot  being  on  a  line 
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with  the  eye.  A  light  is  then  placed  in  fz’ont 
of  the  spot  and  the  patient  placed  o  metres 
distant-  (the  distance  for  which  the  scale  is 
graduated).  Looking  through  the  rods — placed 

Pig.  11. 


horizontally  for  esophoria  and  exophoria,  A^er- 
tically  for  liyperphoria — the  streak  is  seen  as 
in  the  previous  method.  Idie  approximate 
amonnt  of  deviation  ivill  be  noted  by  the 
numbers  at  the  head  of  the  vertical  hues  and 
at  the  sides  of  the  horizontal  lines  nearest  the 
streak. 
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138.  Where  refractive  error  exists  with 
heterophoria,  the  effect  of  correcting  the  former 
should  be  tried  first  before  resorting  to  pris¬ 
matic  correction,  as  it  is  possible  that  the  hetero- 
phoria  may  be  produced  by  the  former.  If  the 
muscnlar  asthenopia  still  persists,  prisms  may 
then  be  resorted  to. 


I 


(l>)  The  Near  Foiiif  Mnscle  Test. 

131).  I'lie  near  point  muscle  test  (Fig.  12)  is 
a  frame  in  wliicli  is  inserted  a  pair  of  prisms, 
bases  up  for  one  eye,  bas^s  down  for  tlie  other. 
T1  le  rod  a  irries  a  small  card  at  a  distance  of 
25  cm.  The  appliance  is  held  by  the  handle 
in  frout  of  the  eyes,  the  rod  between  the  eye- 
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piece  and  the  card  being'  perfectly  lioi’izontal. 
The  patient  then  looks  at  the  card,  diplopia 
resulting,  and  two  lines  of  letters  and  two 
arrows  are  seen,  one  set  below  the  other.  If 
muscular  conditions  are  normal  the  lower  arrow 
Avill  be  seen  immediately  below  the  upper  one. 
He  is  then  asked  to  Avliich  side  of  the  upper 
arrow  the  lower  one  appears,  and  under  ayIucIi 
letter.  If  to  the  right,  there  is  latent  con¬ 
vergence  {esophoria)  ;  if  to  the  left,  latent 
divergence  {exophoria).  The  degree  marked 
under  the  letter  denotes  appi'oximately  the 
angle  of  the  prism  recpdred  to  produce  normal 
conditions  and  bring  the  loAver  arrow  exactly 
beneath  the  upper.  It  is  generally  advisable 
to  folloAV  up  this  diagnosis  by  confirming  it  Avith 
the  prism. 

140.  The  correcting  prism  should  be  placed 
Avith  its  base  in  the  same  direction  as  the  streak 
appears,  in  relation  to  the  light,  outm  esophoria, 
in  in  exophoria.  It  Avill  then  bring  the  streak 
into  its  true  position  and  show  the  amount  of 
deviation. 

Corrections  for  Ueterophorla. 

141.  If  the  aggregate  muscular  deficiency  ill 
both  eyes  is  less  than  16°,  one-fourth  of  the  total 
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amount  for  each  eye  is  the  maximum  or  limit. 
The  limit  should  never  be  given  at  first,  but 
about  one-third ;  and  it  is  never  advisable  to 
use  a  stronger  prism  than  4^. 

For  esop/wria  and  exophoria :  The  amount  of 
correction  required  is  found  in  the  following 
manner.  Suppose  we  have  6°  of  deficiency  in 
each  eye,  the  sum  would  be  6  +  G  —  4  =  8, 
which  would  be  the  extreme  of  prismatic  force 
allowable  for  correction.  It  is  usual  to  give 
oidy  one-third  of  this  at  first.  The  formula 
would  be  :  B.E.  prisms  1°  for  esophoria,  bases 
OUT,  and  for  exophoria  the  same,  but  bases  in. 

For  esophoria  with  hypermetropia :  The 
convex  lens  corrects  both  defects,  for  Avhile 
improving  the  hypermetropia,  it  improves  also 
the  esophoria.  The  full  correction  of  the  re¬ 
fractive  error  is  therefore  given.  The  glasses 
to  be  worn  constantly.  No  prisms. 

For  esophoria  wiflb  myopia  :  The  full  correc¬ 
tion  for  the  myopia  to  be  given.  Prisms,  bases 
out.  Near  work  to  be  given  up  for  a  time. 

For  exophoria  nrith  hypermetropia  :  Less  than 
the  full  correction  of  the  hypermetropia  to  be 
given.  Tlie  convex  lens,  while  correcting  the 
hypermetropia,  aggravates  the  exophoria  by 
increasina*  the  divergence  of  the  visual  axes. 
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The  prisms,  bases  in,  to  be  kept  as  weak  as 
possible. 

For  exophoria  ivith  myopia  :  The  myopia  to 
be  fully  corrected.  Prisms,  bases  in. 

For  exopJiorm  ivith  presbyopia  :  The  weakest 
convex  lens  to  be  given.  Prisms,  bases  in. 

For  hyperphoria :  The  amount  of  deviation 
in  each  case  is  shown  by  the  number  on  the 
card  nearest  to  the  streak,  and  by  the  prism  in 
front  of  the  rods  which  brings  the  streak  through 
the  middle  of  the  light. 

142.  On  first  wearing  prismatic  glasses  some 
discomfort  may  be  experienced,  for  two  or  three 
weeks  perhaps,  but  the  patient  will  gradually 
become  accustomed  to  them. 

143.  In  exophoria  cases  a  great  deal  can  be 
done  by  the  use  of  muscular  exercises  in  order 
to  strenofthen  the  mternal  recti  muscles.  One 
method  is  for  the  patient  to  fix  both  eyes  upon 
the  finger  or  a  pencil  held  up  at  arm’s  length, 
while  slowly  bringing  it  nearer.  Tlie  closer  it 
is  approached  the  greater  is  the  effort  of  con¬ 
vergence.  As  soon  as  diplopia  results,  the 
finger  or  pencil  must  be  receded  and  the  test 
commenced  again.  This  should  be  repeated 
seAmral  times  at  each  practice,  which  may  be 
attempted  twice  or  three  times  a  day.  The 
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patient  may  vary  this  proceeding  with  frequent 
attempts  to  look  at  the  end  of  his  nose. 
Another  method — which  the  medical  attendant 
must  undertake  himself — is  to  practise  with 
prisms.  The  patient  is  directed  to  look  intently 
at  a  light,  when  prisms  of  gradually  increasing 
strength,  with  bases  out,  are  placed  in  front  of 
the  eyes  until  the  strength  is  found  with  which 
binocular  V.  can  be  maintained.  While  doing 
so,  the  prisms  should  be  raised  from  the  eyes 
for  a  few'  seconds  and  replaced,  when  two 
lights  will  probably  be  seen,  which,  as  the 
power  of  convergence  comes  into  play,  will 
gradually  be  merged  into  one  another.  This 
practice  should  be  repeated  daily  until  a  pris¬ 
matic  power  of  15°  for  each  eye  is  reached. 

XY\.  P  KKSliYOPIC  TkSTS. 
rre.'^hjiopia. 

I-Jhh.  Tlie  lenses  generally  required  are ; 

At  age  .  45  "  50  55  60  65  70 

Dioptres.  '75  1'5  2'5  6'5  4'0  4'5 

145.  d'lie  distant  vision  slionld  ahvays  be 
tested  first  to  detect  hypernietropia,  myopia  or 
astio-niatism.  Note  the  result,  and  test  the 
near  vision  with  the  reading-type  to  find^the 
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p.p.5  which  should  not  be  done  too  hurriedly. 
If  liypermetropia  exists,  the  amount  of  defect 
must  be  added  to  the  presbyopic  defect ;  if 
myopia  exists,  it  must  be  subtracted. 

Gorrectioii  for  the  emmetrope  :  Having  found 
the  distance  of  the  p.p.  deduct  this  from  tlie 
lens,  the  focus  of  which  represents  the  points 
we  wish  to  make  the  p.p.,  say,  30  cm.  Thus, 
the  p.p.  has  receded  to,  say,  50  cm.  The  lens 
representing  this  point  is  sph.  +  2  (10).  To 
bring  the  p.p.  to  30  cm.,  -3-^-  =  3*3,  the  nearest 
lens  being  3*5,  we  shall  require  sph.  -f  1*5. 
Confirm  the  correction  with  the  reading-type. 

Preshyopia  with  liypermetropia. 

146.  Having  tested  the  distant  vision  wdth 
lenses  that  correct  the  liypermetropia,  add  to 
this  the  additional  lens  necessary  for  reading. 
The  lenses  Avhich  correct  the  liypermetropia 
only  are  to  be  worn  constantly,  Avhile  sejiarate 
glasses  must  be  used  for  readino*. 

^  o 

Freshyofki  with.  Myopia. 

147.  The  same  jDrocess  is  gone  through,  and 
the  same  remarks  apply,  as  in  the  preceding 
section,  except  that  concave  instead  of  convex 
lenses  must  be  used  (56). 
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Freshyopia  with  Hyperinetropic  Astiginatism. 

148.  Add  to  the  lens  that  corrects  the  hyper¬ 
metropic  astigmatism,  spherical  lenses  that 
correct  the  presbyopia.  For  instance,  a  patient 
of  fifty  years  of  age  requires  for  distance,  sph. 
+  2  with  cyl.  +  2’0  ^/.  On  account  of  his  age 
he  would  require  for  reading,  sph.  +  I'O,  but 
being  a  hypermetrope  he  will  probably  require 
1*5,  for  hyperme tropes  manifest  more  pres- 
byopia  than  emmetropes.  He  would  therefore 
require  for  reading  sph.  +  3*5  ^  cyl.  +  2  0 
the  distant  correction  remaining  the  same  for 
both  distance  and  reading. 

Presbyopia  noth  Myopic  Astigmatism. 

149.  Ill  myopic  astigmatism  of  2*5  or  less, 

first  reverse  the  cjdindrical  correction  for  dis¬ 
tance  ;  and  if  this  is  not  sufficient  to  allow  of 
small  print  being  read  near  enough,  add  the 
weakest  convex  spherical  lens  giving  normal 
V.  A  patient  fifty  years  of  age  requires  for 
distance,  cyl.  -  1*0  |  ;  for  his  presbyopia  he 
re( [Hires  sph.  4-  1*0  =  ^yfi  4-  10  — In 

myo[)ic  astigmatism  of  over  2*5  D.,  give  a  con¬ 
vex  spherical  with  the  same  concave  cylinder 
required  for  distance. 
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Preshyopia  ivith  Coinpound  Myopic 

150.  Supppse  that  there  is  myopia  in  the 
vertical  Mn.  of  1*5,  and  in  the  liorizontAl  Mn. 
of  0*75,  the  correction  for  distance  is  sph.  — 
0*75  3  cyh  —  0*75  j.  There  is  therefore  in 
the  horizontal  Mn.  —  1*5  and  in  tlie  vertical 
—  0*75.  If  the  patient  is  fifty  years  of  age, 
correct  the  presbjmpia,  say  1*0,  by  nialving  the 
vertical  Mn.  as  myopic  as  the  horizontal,  and 
by  giving  a  cyl.  ^  0*75  [.  The  patient  is  now 
equally  myopic  in  every  Mn.,  which  is  sufficient 
at  that  age.  At  sixtv  to  sixty-five  vears  of  age 
give  cyl.  +  0*75  which  makes  the  patient 
equally  myopic  to  1*5,  and  if  this  is  not 
sufficient,  add  the  weakest  convex  spherical 
that  will  enable  him  to  read.  It  is  vmll  to 
bear  in  mind  the  distance  of  the  ]i.r.  for  reading 
when  making  tlie  patient  ecpially  m_yo])ic  in 
every  Mn.,  for  wlien  giving  a  convex  cylimler 
in  order  to  effect  the  above  purpose  the  p.r. 
may  be  too  near  for  reading.  A  ])atient 
requires  cyl.  —  d'O  I).  .[  ;  the  cylinder  is 
reversed,  giving  cyl.  —  d’O  making  him 
equally  myopic  in  every  Mn.,  Init  with  a  p.r.  at 
25  cm.,  which  is  too  near. 
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Presbyoina  with.  Mixed  Astigmatiswi. 

151.  The  correction  is  the  same  as  in  presby¬ 
opia  Avith  myopic  astigmatism,  Avhen  the  myopia 
required  2*5  or  less.  First  make  the  patient 
equally  myopic  by  giving  a  conAmx  cylinder, 
axis  in  the  hypermetropic  Mn.,  of  the  strength 
of  the  hypermetropia  and  the  myopia  com¬ 
bined.  When  the  myopia  is  more  than  2*5, 
retain  the  concaAm  cylinder  and  add  a  commx 
spheric,  to  giA^e  comfortable  reading  sight. 


PART  III 


XVII. 


HJECTIV E  SiGHT-T liSTING 
“  RETINOSCOrV.” 


{General.) 

152.  To  obtain  a  knowledge  of  retinoscopy, 
or  objective  sight-testing,  called  also  “  the 
shadow  test,”  the  model  eye  will  be  fonnd 
useful,  but  practice  upon  the  eye  itself  is 
essential. 

158.  It  is  useful  in  cases  of  astiofinatism  of 

O 

low  degree  in  amblyopia,  where  the  visual 
acuteness  remains  below  normal,  and  is  an 
unfailing  test  against  malingeilng.  For  it  to 
be  successful  the  transparent  media  should  be 
clear  and  there  should  be  no  photophobia. 

154.  It  is  better  if  possible  for  the  pupils  to 
be  dilated  and  accommodation  paralysed  by  a 
cycloplegic  (118). 

155.  The  right  eye  should  be  tested  first,  the 
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opposite  eye-piece  of  the  trial  frame  being 
closed. 

{Mode  of  Examination.) 

156.  The  patient  is  seated  in  a  dark  room, 
with  a  light  (a  32  Watt  electric  lamp,  an  Argand 
gas  burner,  or  an  oil  lamp)  behind  and  above 
him,  so  that  his  face  is  placed  in  shadow,  and  . 
wearing  the  trial  spectacle  frame.  The  operator 
(w^earing  his  correcting  glasses  if  his  distant 
vision  is  faulty),  with  an  ophthalmoscopic  plane 
mirror  in  his  hand,  seats  himself  facing  the 
patient,  the  eyes  of  both  being  on  the  same 
plane,  and  at  a  distance  of  120  to  150  cm  A  The 
patient,  if  under  the  influence  of  a  cycloplegic, 
is  directed  to  look  steadilv  at  the  central  hole  in 

f/ 

the  mirror;  if  not  vnder  such  influence,  is 
directed  to  look  beyond  the  mirror  slightly 
inwards  towards  his  nose,,  but  on  no  account 
must  he  look  directly  at  tlie  mirror.  The 
operator,  holding  the  mirror  in  position  opposite 
the  light,  looks  through  the  central  opening, 

*  In  fornun-  days  a  concave  mirror  was  used,  when  it  was 
necessary  for  tlie  operator  to  sit  closer,  hut  this  is  now  almost 
universally  discardcnl  for  the  plane  mirror,  which  gives  a  true 
image  of  the  fundus,  and  hy  which  shadows  are  better  seen  and 
the  results  more  exact.  If,  however,  a  concave  mirror  be  used, 
the  resulting  shadow  in  every  case  moves  in  the  reveise  direction. 
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and  throws  the  reflection  upon  the  patient  s 
retina,  the  small  illnminated  portion  of  which 
is  termed  the  red”  or  ‘^fnndns  reflex” — bright 
in  the  emmetrope,  bnt  less  so  in  the  ametrope^ 
when  the  shadow  surrounding  it  must  be  care¬ 


fully  looked  for  and  watched,  for  it  is  by  the 
direction  in  which  the  shadow  moves  when 
the  mirror  is  revolved  that  the  case  can  be 
correctlv  diagnosed. 

157.  The  imao'e  of  the  rehectecl  lioflit  in 
hypermetropia  is  an  erect  one  formed  heJiind 
the  eye,  whereas  in  myopia  it  is  an  inverted  one 
formed  in  front  of  the  eye. 


Testing 


'I'HE  Shadow. 

* 


158.  Both  Mns.  must  be  examined  separately, 
first  by  revolving  tlie  mirror  on  its  vertical 
axis  for  the  horizontal  Mm,  then  on  its  horizontal 


axis  for  the  vertical  Mn. 

159.  When  the  mirror  is  revolved  (on  eitlier 
axis)  :  (1)  If  the  shadow  moves  witli  ”  it,  i.  e. 
in  the  same  direction  as  the  circle  of  light,  the 
refractive  defect  is  li yperinfdropic ;  (l2)  if  tlie 
shadow  moves  “against”  it^  the  refractive 

CD 


Provided  the  operator  is  not  nearer  than  the  patient’s  p.r., 
for  in  low  degrees  of  myopia,  say  —  5  D.,  where  the  p.r.  is  beyond 
120  cm.,  the  shadow  will  move  with.’" 
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defect  is  myopic  ;  (3)  if  the  shadow  is  neutralised 
and  appears  to  rapidly  turn  over  with  the  mirror 
the  eye  is  emwetropic ;  (4)  if  the  refraction  in 
the  two  Mns.  differs  astigmatism  exists. 

160.  The  slowmr  the  shadow  is  in  moving 
the  less  distinct  it  is,  and  the  duller  the  reflex, 
the  higher  is  the  degree  of  ametropia.  The 
quicker  the  shadow  moves  the  more  distinct  it 
is,  and  the  brighter  the  reflex,  the  lower  is  the 
degree  of  ametropia. 

161.  The  refractive  defect  (if  any)  being 
discovered,  proceed  to  find  the  amount  in  either 
or  both  Mns.  by  putting  up  in  the  trial-frame 
a  neutralising  lens,  commencing  with  1  or 
2  D.,  and  continue  chanolno*  them  accordino’ 
to  whether  they  over-  or  under-correct  the 
movement  of  the  shadow.  In  high  degrees  of 
ametropia  the  red  fundus  reflex  is  generally 
obscured  and  the  shadow  difficidt  to  make  out. 
A  -t  ()  1).  may  be  put  up  ;  then  a  —  6  D.  With 
one  or  the  other  the  ametropia  will  be  more  or 
less  corrected  and  the  shadow  seen  without 
difficulty.  From  this  point  the  examination 
can  be  easily  completed. 

1()2.  In  astiofmatisni  the  illuminated  area 
(/.  e.  the  image  of  the  light)  may  vary  both 
in  shape  and  position,  being  dependent  upon 
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the  maximum  and  minimum  curvature  of  tlie 
cornea,  beiuQf  sometimes  oval,  and  at  others 
band-]ike  iii  shape,  and  the  edges  horizontally, 
vertically,  or  obli(|iielY  disposed.  The  line  of 
obliquity  of  the  oval  or  baud  denotes  the 
direction  of  the  chief  Mu.,  with  which  either  is 
parallel. 

168.  Ill  cases  of  conipouiid  astiyiiiafisni  the 
vertical  Mu.  should  be  corrected  first. 

164.  In  irregular  astigmatism  retifioscopy 
does  not  give  satisfactory  results,  the  shadow 
beino;  indefinite  and  irreQ:iilar. 

O  o 

165.  Ill  conical  cornea  the  shadow  is  ring- 
shaped. 

166.  Haviiio'  found  the  correctiuo;  lens  which 
neutralises  the  shadow,  for  each  eye  in  hyper- 
metropia  and  myopia,  and  for  each  Mu.  in  the 
case  of  astioaiiatism,  the  combination  haviiio' 
been  first  put  up  in  the  trial  frame,  the  test  is 
confirmed  by  testing  the  distant  vision  sub¬ 
jectively  with  the  trial  card,  making  any  altera¬ 
tion  which  may  be  necessary. 

167.  In  estimating  a  patient’s  refraction  bj^  ' 
retinoscopy  we  must  bear  in  mind  that  we  do 
so  as  if  his  p.r.  was  at  150  cm.,  the  distance 
between  him  and  the  operator,  and  his  hyper- 
metropia  will  be  over-  or  his  myopia  under- 
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r- 

/b 

estiinated,  as  tlie  case  may  be.  To  obviate  this 
in  the  former  case  we  deduct  -f  1  D.,  and  in 
the  latter  we  add  —  1  D.  to  his  correction.  For 
instance,  if  the  shadow  moves  with  the  mirror, 
and  T  *50  corrects,  tliQ  case  is  one  probably  of 
weak  myopia;  if  +  1  D.  corrects,  the  eye  is 
emmetropic  ;  and  if  a  stronger  lens  is  required 
the  case  is  one  of  liypermetropia.  If,  however, 
the  shadow^  moves  against  the  mirror  it  is 
obviously  a  case  of  myopia,  and  if  we  get  no 
shadow  we  may  conclude  we  are  practically 
sitting  at  the  patient’s  far  point. 


XVIII.  Examples. 

Hy  PEPY[ETK0PJA. 

168.  The  shadow  is  wdth  ”  the  mirror. 
A  +  lens,  say,  +  1  D.,  is  put  up  in  the  trial 
frame.  Jf  tlie  shadow  is  still  ^Avith,”  this  is 
changed  for  +  2  or  +  o,  and  so  on  till  the 
shadow  is  neutralised. 


Fi 


orruK 


la  : 


i  •'> 


I  •’> 

+  •) 


M  YOi'lA. 

'I'lie  shadow  is  “against”  the  mirror. 
A  —  I  I).  leim  i«  put  up  in  tlie  trial  frame.  If 
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the  shadow  is  still  “  against  ”  this  is  changed 
for  —  2,  and  so  on  till  the  shadow  is  nentralised. 

Formula  :  ’ - ! -  —  2 


o 


Simple  H y i'e k.m et k or i o 


As'I'IGMATISM. 


170.  The  shadow  in  tliG  two  chief  Mns.  differs. 
That  in  the  A^ertical  Mn.  is  ennnetropic,  but  that 
in  the  horizontal  requires  4  3  1).  to  neutralise. 

Formula.  : - 4  3 

Em. 


Compound  Hypeemelropig  Astigma'I'ism. 


171.  The  shadow  in  one  Mn.,  say  the  vertical, 
maybe  corrected  Avith,  say,  4  2  D.,  while  in  the 
opposite  Mn.  it  is  still  “  Avith.”  It  is  then 
apparent  that  both  Mns.  are  defectAe,'  but  in  a 
different  degree,  the  shadoAV  in  the  horizontal 
Mn.  requiring  4  3  D.  to  neutralise. 


Formida 


4  2 


Simple  Myopic  Astigmatism. 

172.  The  shadoAA^  in  one  Mn.  is  “against,” 
the  opposite  being  emmetropic. 
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Formula : 


o 

Em. 


Compound  Myopio  Astigmatisyl 

173.  The  shadow  is  oblique.  Astigmatism  is 
manifest.  Correct  each  Mn.  separately,  moving 
the  mirror  at  right  angles  to  the  edge  of  the 
shadow.  The  amount  of  obliquity  can  generally 
be  estimated  by  the  eye.  If  the  vertical  meri¬ 
dian  be  20°  out  and  requires  for  its  correction 
—  2  D.,  and  the  Mn.  at  light  angles  to  this 
requires  —  3  D.,  it  is  expressed  as  in  the 
following  formula. 

20°  /_  O 

o 
O 

2CcvL  -  1  ax.  110°. 

Mixed  Astigmatism. 

174.  'I'lie  sliadow  on  vertical  rotation  is 
neutralised  by  a  +  2  1).  for  the  liorizontal  Mn., 
wliile  on  horizontal  rotation  for  the  vertical 
Mn.  requires  —  2D. 


Formula ; 


('orrect  'with  sph.  — 
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Formula  : 


Gorrection.-^X  cyl.  — 2,  ax.  li.  3  cyl-  +  2  ax.  v. 
But  as  it  is  a  rule  in  correcting  refractions  to 
reduce  to  a  sphere  and  a  cylinder,  either  of  the 
following  formulse  may  be  adopted,  the  latter 
for  preference. 

1.  Sph.  —  2  3  5  or — 

2.  Sph.  4-2  3  oyl.  —  d,  ax.  h. 


1  N  D  E  X 


Accommodation 
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.  13 

Amblyopia 

34,  70 
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.  11 

Angle  a,  the  . 

.  10 

Asthenopia  . 

.  14 

Astigmatism  . 

24,  74 

—  hypermetropic  . 

26,  51,  53,  77 

—  irregular  . 

.  28 

—  mixed 

26,  55,  78 

—  myopic 

26,  52,  57,  77 

Axis,  optic 

8 

—  principal  . 

4 

—  visual 

.  8 

Conical  cornea 

24,  28,  75 

Cycioplegics  . 

.  46 

Dioptre  . 

.  4 

Dioptric  system 

.  7 

Diplojiia 

.  13 

Distant  point  test 

.  59 

Emnietrope,  the  . 

.  11 

Esophoria 

16,  63 

Exophoria 

16,  63 

Focal  length 

4 
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4 
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.  4,  8 

Greatest  defect 

.  26 

Heterophoria 

16,  59 

Hypermetropia 

18,  51,  53,  76 

Hyperphoria  . 
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Lens  scale 

o 

Lenses  . 

1 

—  analysis  of 

5 

—  neutralisation  of 

6 

—  numbering  of  . 
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—  prismatic  . 

2 

Maddox  rods 

.  59 
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M  iiscnlar  exercises 

65 

Myopia  . 

20,  52,  57,  76 

Near  point  test 

.  62 

Optic  axis 
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Reading  distance  . 
Red  fundns  reflex 
Refractive  system 
Retinoscopy  . 
Retinoscopic  examples 

Sight-testing,  notes  to 

—  objective  . 

—  subjective 
Spectacles 
Stenopaic  slit 
Strabismus 

—  concomitant 

—  convergent 

—  divergent  . 

—  paralytic  . 
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Test  card 
Testing  the  shadov’ 


Tests,  astigmatic 

—  esophoric  . 

—  exophoric  . 

—  heterophoric 

—  hypermetropic 

—  hyperphoric 
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—  preliminary 
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Vision,  defective 

—  normal 
Visual  angle  . 


—  axis  . 
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ft  is  counted  by  some  a  weakness  in  Princes  to  have  Favourites ;  but  it  is  of  all  others 
the  best  remedy  against  Ambitious  Great  Ones. 


D  =  0,6. 


For  when  the  way  of  pleasuring  and  displeasuring  lieth  by  the  Favourite,  it  is  impossible  any 
other  should  be  Over-great.  Another  means  to  curb  them,  is  to  balance  them  by  others  as  proud 


D  =  0,8. 

But  then  there  must  be  some  middle  Counsellors  to  keep  things  steady  ;  for 
without  that  Ballast  the  Ship  will  roll  too  much.  At  the  least,  a  Prince  may 


D  =  l. 

As  for  the  having  of  them  obnoxious  to  mine,  if  they  be  of 
fearful  Natures,  it  may  do  well ;  hut  if  they  be  Stout  and  Daring, 
it  may  precipitate  their  Designs,  and  prove  Dangerous.  As  for 


D  =  l,25. 

As  for  the  pulling  of  them  down,  if  the  Affairs 
require 'it,  and  that  it  may  not  be  done  with  safety 
suddenly,  the  only  way  is,  the  interchange  continu¬ 
ally  of  Favours  and  Disgraces ;  whereby  they  may 


D  =  l,5. 

Of  Ambitions,  it  is  less  harmful  the  Ambition 
to  prevail  in  great  things,  than  that  other 
to  appear  in  every  thing;  for  that  breeds 
confusion,  and  mars  business.  But  yet  it  is 


He  that  seeketh  to  be  eminent 
amongst  able  Men,  hath  a  great 
task;  but  that  is  ever  good  for  the 
Publick;  but  he  that  plots  to  be 

D  =  2,l. 

Honour  hath  three  things 
in  it :  The  V antage  Ground 
to  do  good,  the  approach 
to  Kings  and  Principal 

D  =  2,6. 

He  that  hath  the  best 
of  these  Intentions 
when  he  aspireth,  is 
an  honest  Man ;  and 

D  =  3,6. 

And  let  them 
discern  a  busy 
Nature  from  a 


^  >  '  ♦  V  x.' 


.♦’>  .'^’: 


?  >;  Ms:  ^  '-'m 


i'  "■ 

If 


il’-  .  ■:  *  -■.-  ■ 


.,  »-vA..  <,/  if-'.  *.  •,■■,: 

^  ■  \V 


\‘ 


.Hi  5*.' 


.!•  * 


_*  » 


■.?. 


T'-. 


■t’  n 


*.■%?'•!  ■  •*  •  <*ift  K‘';Cr4 


*1^  j»  * 

% 


:f-^ 


;.  .  35  ' 


» 

_  i'  -<  * 


^-.■."  Cv>.S  - 


.  •  ' 


\. 


k 


’7 


\ 


y 

.Sl-h 


% 


-•'i; 


'  '  i 

.  -^  ■*,■'•.  rj*i 


•:  '  ^ 

r.  <,  \  'S^,  ■■■''  - 


,41 


1 


*.  • 


.  > 


/-Si  -  ^  ..  ^ 


\  iU 


'*»**'»  *L 
&  \V  -  J.;-  ■*  *’ 


.V 


.  •  .  ;,^.-3aP’,v.n- 

"  '•  “  ■'  ■ T. 


>, 


k 


N 


,Ji  J  i  Jw*^_ 

c  ^  '  y-'A. 

aiJa  j  '*■■  ■  -V 

!■  ■•'  •■.  N-  -  ^  <^;‘'>1>  ■■'I 


.  s.*'  -I 


4 


•  to 

;-3^‘-'  r--*;  '■'  .■* 


''h‘ 

kj 


' 'jt\^f^a‘i  s  jV’!'.i®|Kw.  < ..  •'  .,;  s*  .,v 

-•  «'  <f'  .  ..  -li^  -  ■J!SBjLi._3..I..J»  '  ■  ‘r^**^.’'  >•»• 


'■..•■•-*  aa^, 


■  vfa*  t, 


H6 


•'  '.v^-'  »»•  -tS» >  t '"  *'  f'  ^  ^ 
/^r.  v^.i-  ,  -x'n' 

»•  J"  Xi' H  '•■  i  ‘  .- 

..  \  .  -  * 

.  1!'^  •  ■  '^►V 


■  V  ^"•■‘ '  . 

.  -fe  rr.-V^ 

■r^;.:-‘ ■  :;\'l' -V  ;  ■>  k.^' 

ir.u-.-au  »  i  '  v,»-»  ,  .t^ 


,‘l  f  V  ’■Zit.A'  *•-  .  >l'l 


i  . -ifSi  "  . 

'',  .>^>.  i.  f'  ‘  • 


*■■  Aj 


'A  r.'P' 

r3iiVl4.-*VW4t  .X  i<i- 


fii 


I 


'th 


>Ar 


m 


■tfi3 


;,^>  j;/^ 


-^c 


**Ki4-'jr’* 


i!'«1 


V<M1 


■. 


•>'< 


H 


s^’ 


r7-i 


■  \‘ 


'> 


‘■5-^ 


r. 

•rV^:'-i^$2« 

-  *oi^  t  V  '■■ 
:.-i'i-'Sv 


'■*'  « 


i 


ms 


/mn 


i# 


u 

■o^i't.  ':'  • 

•liV-  ■^'- .  .  ,  ,  ^ 

'4^k  ■  •  y-^:  . 

<V>i  '  I,.'  '*  ‘’t.- 


-  ■■ '  ,  ^ij'Ai 
...  ^  -  '<■  --'■'» 


:V 


t  *  \i  ■ 
Sw-v  .. 


-  -v^  'I 


\l'V/.  • 


ft*  ‘’'•- 

t*.  .  ■  :l>  :•:. 


■f '-. 


,r 


T^^V:*  ■  ■ 


'tv 


■<ii?v'''v.  1  -  '-Wi 

-f  ■:*'  '^  '/  ■'/■->.  .  '  ■'•V  n'-!^  ■  .^HEQniPVil 

S';®,:' '■';jSi':-^..'.;xy'®'«a:. 


Id 


D.L 


'W 


'•t  '**J'^x  '..s£  ilBl 


ri'^- 


m 


.,rK  .V  J-  s.^^'..  ,.-■•■'■'•'*  .,?£'*»’ 

f  •ij-*-:  ;.■"  -'^  •-.  V;',  -n,  '"“■  •  ■»  ■  V  's&t*i.-il  ’' 

■¥H’  i- V  ’ 


=■' 


til 


<‘l 


_  , 

> .? 


■!»* 


t%  Z' 


r-t\? 


r 


r-2i,^'i 


L»-r> 


K.  . 

>  r  ,.v^i 


v-^v  ‘  *•■■■  - 

''SCS*’  -'  '  ’ 'Ifc ‘^*  >'•  *  ^  *  *  ‘^fcl^ir  ‘  • 


1^^.  -  • 

•  nC «".  •'^ 


r  «  ^  t' 1 

■' 


-  A-. 


*-  ■m 


■^4 


^>[■3 


f»i 


» 


fi*. 


i-.v???' 


,■^3 


■a; 


V  -*^.4 


^*»  ■ 


im’* 


i5? 


m 


